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PREFACE TO THE FIFTH EDITION. 



While the size of the book has not been increased in this 
edition, alterations have been made in more than two hundred 
places, whereby, it is hoped, the fairly wide subject-matter 
has been brought up to date or more adequately set before 
the reader. New figures illustrating the microscopic structure 
of rocks have been introduced, and I have to thank Mr. J. J. 
Burke of Dublin for skilfully redrawing many of the older 
illustrations from the specimens originally used. The book 
has always aimed at aiding those who enquire into the 
materials and history of the earth's crust, for purposes of 
research or for stny special enterprise. At the same time, 
the student is not likely to forget that practical geology is 
fundamentally to be followed in the open country and the 
open air, and that these " Aids " are intended to help towards 
the determination of what has been personally gathered from 
the mountain -side or in the plain. For those who take 
pleasure in learning from the earth around them, a smaller 
volume has been written, "Open-Air Studies in Geology," in 
which special appeal is made to the rock-masses as we meet 
them in the field. But all the wide developments of geology 
must rest on patient determinative work; and the invention 
of a new piece of apparatus for the laboratory, or the correct 
appreciation of a fossil, may open up the clue to some long- 
sought secret of the earth. 

While certain modem restrictions in nomenclature have 
been introduced, which undoubtedly tend towards exactitude, 
the limits of the names of rocks and fossil genera have been 
kept as wide as possible. It has seemed equally unnecessary 
to relegate Ter^attda to an obscure position, because of its 
imperfect definition a century or more ago, as to set aside 
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VIU PllEFACE. 

''gi*aiiite" and "basalt/' and a score of familiar petrographio 
terms. In stratigraphy, I make no excuse for continuing to use 
De Lapparent's name " Gotlandian " for the beds called " Upper 
Silurian " by the Geological Survey. The restriction of the 
name "Silurian" to these strata has raised frequent diffi- 
culties, especially in consulting classical maps and memoirs; 
and, in areas where the Ordovician and Gotlandian beds are 
not well marked out from one another, there is a great con- 
venience in retaining "Silurian" to cover both the systems. 
I have again and again found myself thanking Mr. A. Morley 
Davies in my teaching work for pointing out to me this mode 
of escape from a very troublesome situation. 

The third edition of this book was greatly aided by the 
advice of Mr. L. Fletcher, F.R.S., as regards the description 
of the optical properties of minerals. Dr. F. A. Bather 
helped me at the same time in the choice of genera of fossil 
crinoids. Most of the kind suggestions made from time to 
time by Prof. Bonney, F.R.S., Dr. J. J. H. Teall, F.B.S., and 
Dr. A. H. Foord, are now embodied in this edition. 

GRENVILLE A. J. COLE. 

DvvLSJx, April, 1906* 
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PREFACE TO THE FIRST EDITION. 



This little work is intended as a companion to any ordinary 
text-book of geology; and it is hoped that it may be of 
special service to those students who have made excursions 
into the field, and who wish to determine their specimens 
for themselvea Mr. Joshua Trimmer, in 1841, issued his 
Practical Oeology and Mineralogy, with the object of en- 
couraging readers who were beyond the reach of oral in- 
struction. The book necessarily contained some theoretical 
matter ; but at the present day the abundance of excellent 
text-books has enabled these Aids in Practical Oeology, 
while originating in the same idea, to be kept within still 
stricter limits. 

The section on blowpipe-work has been inserted as an aid 
to travellers ; while the description of the hard parts of fossil 
invertebrates will probably assist those readers who find it 
impossible to distinguish genera by means of mere names 
and figures. In arranging the genera thus discussed, those 
forms have been first dealt with which exhibit most com- 
pletely the characters of their class or sub-division. Hence 
highly developed types are often treated of before those 
which may have preceded them in time, or which may have 
degenerated from them. By kind permission, I have been 
able to utilise many of the figures of fossils illustrating 
Phillips's Manual of Oeology, and have supplemented these 
by a few sketches and diagrams explanatory of special 
featurea 

A large section of the book has been devoted to rocks and 
to the ordinary minerals of the earth's crust, since these will 
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always present themselves to the observer during any ex- 
pedition or in any country. As for the names used for 
igneous rocks, I have endeavoured to retain the comprehen- 
sive terms of pioneers, such as d'Aubuisson, Brongniart, and 
Haiiy. The more exact determinative knowledge of the 
present day has introduced us to many new rock-varieties ; 
but these can be distinguished by the addition of a mere 
mineral prefix. 

In 1878 Prof. J. W. Judd, F.RS., organised the instruction 
in Practical Geology at the Royal School of Mines in London ; 
and it is difficult to express briefly how much this book 
owes, in respect of any merit it may possess, to the courses 
then instituted and continuously developed from year to 
year. My great indebtedness, also, to Prof. Judd's published 
papers, and to the works of Brush, Lacroix, Levy, Rosen- 
busch, Teall, Zirkel, and Zittel, will again and again be 
apparent in the text. Numerous friends have, in addition, 
assisted me from time to time. At the risk of passing 
over some of the most generous, I must express my sincere 
thanks to Messrs. J. E. Duerden, L. W. Fulcher, J. W. 
Gregory, and T. H. Holland. And let me add, with Isaak 
Walton, that '^ I have found a high content in the search 
and conference of what is here offered to the reader's view 
and censure ; I wish him as much in the perusal of it." 

GRENVILLE A. J. COLK 

Dublin, December, 1890. 
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AIDS IN PRACTICAL GEOLOGY. 



PART I. 
THE SAHPUNG OF THE EARTH'S CRUST. 



" A foMil shell may interest a ooncholoffist^ though he be ignorant of the 
locality from which it came ; bat it will be of more value when he learns 
with what other species it was associated, whether they were marine or 
freshwater, whether the strata containing them were at a certain elevation 
above the sea, ancl what relative position they held in regard to other 
groups of strata.*'— Charlks Ltill, Prindpiea of Geology, vol. i., 1830. 



CHAPTER I. 

ON CERTAIN OBSEBYATIONS IN THE FIELD. 

The examination of the features presented by the Earth's crust 
in any locality, with the object of learning something of its past 
history, must always be one of the most delightful of occupations; 
and the material advantages arising from a correct determination 
of minerals and rocks are obvious to every traveller. Such aids 
in determinative geology as are given in the following pages 
may be applied in any halting-place, or in cities after the return 
from an expedition; but in any case observations made on 
specimens are of slight importance if uncoupled with knowledge 
of their true position in the field. 

The Museum-Ourator, for instance, has duties of an invaluable 
character. He brings together, collates, and arranges the types 
and varieties described by authors, adding to them by his own 
special knowledge, and thus forming a series with which any 
new specimen can be easily and accurately compared. To 

1 
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him the Earth becomes a great reality, for he surveys it through 
the extent, of his collections and his studies ; but the ordinary 
student^ gathering together a few relics from the curiosity- 
cabinets of relatives and friends, finds that they appeal to him 
but little; they have no associations, they have long been 
separated firom their kindred, they are " fossil '* in the worst of 
senses. But let him, having a knowledge of first principles and 
of museum-types, go out to see things for himself Furnished 
with the maps and books of experienced workers, let him 
re-examine the evidence on which they have relied. A week's 
holiday thus spent amid varied surroundings, as on the Welsh 
border, or in Antrim, or around Edinburgh or Bristol, will 
provide material for long and careful study. Once in the field, 
the complexity of the subject will dawn upon him ; but at the 
same time he becomes assured that, wherever he may wander, he 
will find congenial work. The first visit to a district commonly 
raises numberless questions, when the specimens gathered ai*e 
examined at his leisure ; and the suggestions of the laboratory 
or the microscope must be tested in a seoond or third excursion 
by re-examination of the relations of the rock-masses in the 
field. 

In the field itself broad names are assigned to objects, detailed 
determination being lefb for comparative and instrumental 
work ; but in these after-hours of study every scene comes back 
vividly before us, and even the lichens that may yet cling in 
hollows and betray the collection of an imperfect and weathered 
specimen, serve their turn with the naturalist and remind him of 
the wide, open-air, and eminently natural character of his work. 

The art of observing in the field, and of balancing the evidence 
oi various exposures, must be to a great extent learnt by oral 
tradition and personal guidance ; and the study of any geological 
map, with its outliers, its sinuous outcrops, its inliers, its 
repetitions by faults or foldings, should be carried on, whf^rever 
possible, in the actual district that has been mapped. The 
practical construction of maps, and of sections from them, is 
discussed in Sir A. Qeikie's Outlines of Field Geology (Macmillan 

6 Co.), and Penning's Field Geology (Bailli^re, Tindall & Cox). 
The examination of a country like Britain, or any part of 

western Europe, from the point of view of a student anxious to 
grasp the salient features, the connexion between underground 
and surface characters, has been immensely facilitated by the 
modem development of cycling. Traverse after traverse of a 
country may be made with some handy geological map carried 
in a capacious tool-bag, together with a hammer, heavy enough 
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to inyestigate each wayside exposure. The physical geology, dip- 
slopes and escarpments, alluyial plains or mountain-gorges, become 
very real to travellers on the road; and the repetition of the same 
features in the same order in successive traverses comas upon one 
with admirable distinctness, and gives a key to the structure of 
wide areas. When the general grouping of the strata has been 
grasped, attention can be paid to some limited district But 
even here a bicycle or tricycle ready to hand is of considerable 
value. Though days and weeks may be spent on foot up 
and down rugged exposures, or across broad cultivated lands set 
with little quarries, as in the Ootteswolds, every now and then 
comparison becomes desirable with some distant point, and the 
road is taken without delay. The intervening country may be 
reviewed in passing ; when local work is completed, a different 
route can be taken in returning ; and thus hints are received 
and sections examined which otherwise might have entirely 
escaped. 

And this matter applies also to geological observations in 
districts inviting by their wiidness. If the student of the 
Grampians, the Juras, or the Alps, can find time to approach 
them mile by mile along the highways, following up the rivers 
that flow irom them, tracing afar off the limits of the lowland, 
the first curvings of the foot-hills, the change from pasture to 
moorland, from moor to desolate crag, he gains a most vivid 
appreciation of his surroundings when he arrives at the locality 
of his work. And just as the district in which he finally settles 
acquires dignity from its wide associations, so his very specimens 
and chips, whenever studied, come to have a truly geological, 
not merely mineralogical or palsBontological significance. Even 
a microscopic slide, amid such \nemories, seems to assume its 
place in nature. 

The instroments used in the field should be noticed here. 
First in importance is the hammer, which may vary much in size 
and weight with the work proposed, and which may easily err in 
being too heavy, as well as in being too light. Before under^ 
taking any long expedition, the head and shaft should be well 
tested, and the form of handle that cramps the hand least should 
be selected. A handle too small in circumference is liable to 
cause blisters, or at any rate to pain the hand, during long use 
on refractory materials. 

For most kinds of work, a flat end to the head about 1 inch 
square seems most suitable; the other end should be chisel- 
shaped, and there are many reasons, easily seen in practice, why 
the chisel-edge should run horizontally, not vertically, when the 
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hammer>handle is held upright. A strong side-reason when 
working in hill-districts is that a secare hold can often be 
obtained in ascending or crossing steep grass-slopes, hj driving 
the chisel-end at each step into the soil. 

A sharp pick-like termination maj sometimes be useful, in 
place of the chiBel-edge, for splitting open lumps of soft rock 
when seeking fossils, or for laying hold of and bringing down 
materialB that are beyond the rei^ of the arm alone. But for 
general purposes, trimming of specimens, wedging out blocks, 
and so forth, the chisel-edge, some 1 inch or so broad, is in- 
valuable. 

Where much collecting is to be done, weight becomes an 
object; and the reduction of specimens to a convenient minimum 
size in the field is always desirable, since any accidental fracture 
can be remedied by at once securing another specimen. Hence 
a light trimming hammer proves a great additional convenience, 
and the risk to specimens during trimming, particularly when 
they contain fossils, is thus very much redu^d. 

Though many geologists prefer to dispense with a chisel, there 
is no doubt of its convenience where blocks of rock have to be 
worked out from a cli£P-&ce, or in any place where the hammer 
fiuls to get an easy hold. A good *^ cold chisel," some 4^ to 5 
inches in length, is suitable. If it is too short, it may become 
driven in down joint-cracks before its work is done and before 
the block is wedged away from the parent-mass. 

Elaborate hammer-belts seem quite unnecessary. The speci- 
men-bag is commonly slung by a strap passing over the right 
shoulder, so that it can be steadied and partly supported by the 
left hand when it becomes full and heavy. An additional strap 
for the hammer cumbers the ch^st^ and even in a belt the head 
has to be prevented from touching and wearing through the 
clothes. It is simple enough to slip the hammer into the side- 
bag itself, the handle projecting from the forward end under the 
flap. The left hand, by resting on the handle, can then easily, 
during long walking, keep the bag from rubbing unpleasantly 
on the hip. 

The bag itself should be light and strong, with two strongly 
attached buttons, rather than straps, to close the flaps, so that no 
time is lost in opening. On moving from each collectdng-place it 
must invariably be closed, as a slight slip or twist when climbing 
may deprive the observer of valuable spoils. In rounding rocky 
slopes it is best to keep the bag slung well upon the h&dk; If 
on the outside, it tends to destroy the balance in the wrong 
direction; if on the inside, it thrusts the body away from the 
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rocks, and is also liable to catch during any rapid movement 
In jumping, as across little stream-cuts, it will soon be found 
that the hand should steady it from below. 

A receptacle that proves extremely light and satisfactory is the 
rubber " game-bag," covered with thin cloth, which is procurable 
at some water-proof dealers.* The price is about 6s.j and the 
supporting rings and straps are generally strong. Though liable 
in old age to be finally cut through by sharp rocks, the material, 
even when perforated, does not fray away. 

It is scarcely necessary to mention a waUdng-stick as part of 
the geologist's equmment, for it is indispensable on steep or 
roughish ground. It should, at any rate, be never left behind 
where long slopes and taluses are in question, since its use will 
make observations possible that might otherwise involve genuine 
risk. Among rocks it may sometimes be necessary to throw it 
over in advance ; but to descend dry grass-slopes without a stick 
is undoubtedly time-consuming and vexatious. Mountaineers 
will forgive our reminding the geological student, who will often 
find himself in situations all the more pleasant for being un- 
&miliar, that a steep hill-side should be traversed with the stick 
in the inside, not in the outside hand. 

A compass is a necessity for the pedestrian. It may be com- 
bined with the clinometer, as in the convenient box-instruments 
often made. Many of these, however, do not allow sufficient 
length in the edge which is to be held co-incident with the line 
of dip observed. Any one can construct a clinometer from 
an ordinary protractor; a swinging index, or even a weighted 
thread, being hung from the centre of the straight edge so as to 
reach the graduated ara Of course the 90"* marked on the pro- 
tractor reads as 0** when a dip is to be taken ; thus, if the index 
points to 84**, the dip is 6*, and so on. 

In observing a dip, the plane of the graduated arc of the clino- 
meter must be held parallel to a vertical rock-£a.ce on which the beds 
appear exposed, and the distance between the eye and the rocks 
should be reasonable, in order that the straight edge may appear 
coincident with a considerable length of the dipping strata. The 
instrument is tilted until this edge appears to lie along some 
well-marked line of stratification; the plummet or index then 
points to an angle equal to the angle of dip observed. Several 
observations are desirable as checks to one another; any evidences 
of lenticular or current-bedding must be noted; and the compass- 
bearing of the face of rock utilised must also be observed. 
* MefBra. Walkley & Co., 6 Strand, London, supply these. 
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The dip thus found is very probably only an apparent dip, and 
is leas than the true dip, which runs in some other direction. 
Two or more observations taken near to one another will settle 
this point. Thus where there are two dips seen on different 
walls of the same quarry, or in closely adjoining quarries, and 
where these are evidently not due to mere lo(»l slippings or 
to the very common creep of the higher beds down the slope of a 
hill-side, then the direction and amount of the true dip can be 
found by the simple geometrical method of Mr. W. H. Dalton.* 

The directions of the walls, or 
rock'&ces, on which the dips are 
seen are determined with the 
compass, and two lines are drawn 
to represent them on paper, 
giving the angle rab (fig. 1). 
Should one dip in the actual 
quarry-sections incline towards 
a and the other away from a, 
one of the lines drawn must be 
produced, so that the dips repre- 
sented in direction by the lines 
a b and a r both either incline 
towards or away from a. 

Draw a c perpendicular to a b, 
and of any convenient length, 
about 3 inches; and draw as per- 
pendicular to a r and equal to ae. From c and 8 draw lines 
making with a e and a 8 respectively angles equal to the comple- 
ments of the observed angles of dip, and cutting a b and a rind 
and U Then the angles ado and at 8 represent the angles of 
observed dip along the directions a b and a r respectively. 

Join d t ; this line represents the strike of the beds, a «, 
drawn from a perpendicularly to it^ gives us the direction of 
true dip. Draw a/ perpendicular to a d and equal to a e or a « ; 
join/d. The angle a ef, when measured with a protractor^ gives 
the amount of the true dip. 

The matter is dear if the three triangles ast, acd, and a/e 
are imagined as bent up so as to stand perpendicularly to the 
plane aid, which remains horizontal. The points 8, c, and / 
coincide, and a plane laid upon the dipping lines 8t,/ey and cd 
will represent truly a sur£suie of one of the strata observed in the 
field, when both the apparent dips were inclined away from a, 

• Choi. Mag,, 1873, p. 333. 




Pig. 1. 
say, for greater accuracy. 
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dtiBtk horizontal line in this surfieuse, and is therefore the strike; 
the line/0^ now perpendicular to it, and also in the same sorfaoey 
represents the true dip both in compass-bearing and in inclination 
to the horizontal.* 

If both the observed dips are inclined towards the point a, it 
is clear that the same construction suffices, only the arrow set 
down upon the map to indicate direction must point along a € 
towards a and not away from it. 

Graphic methods like the foregoing serve the geologist far 
better than any system of elaborate tables. Provided the scale 
of the drawing is sufficiently large, the errors of observation in 
the field, owing to the small exposures studied, will be greater 
than any that can be introduced afterwards by measurement 
firom a carefully constructed drawing. 

To find the relation of the point where observations are being 
made to features marked npon the map, and thus in one's notes 
to localise the observation, is often difficult in a wide and open 
country. Even the map on the scale of 6 inches to a mile 
cannot represent every rock and projecting boss, and measure- 
ments must be made extending from some recognisable point to 




Fig. 3. 

the place of observation. The tape-measure, so important in 
determining the thicknesses of beds on faces of a quarry, is often 
of use in cUrect measurement on the surface of the ground, for 
which purpose it should be at least 40 feet in length. Mere 
pacing over the interval is sufficiently accurate in many cases ; 
but where the position in azimuth can be found, and it is a 

* Thongh dip and strike are commonly considered together, the Dip 
may be defined mdepndently as the line of greatest inclination to the 
horizon, and the SlriUce as the direction of a horizontal line, in the plane 
surface of any bed. 
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question of how high above or how hx below some known point 
we are standing, the little instrument known as Abney's level 
(fig. 2) is of constant service. This level * is a combination of a 
contouring-glass with a graduated arc and rotating spirit-level, 
so that &Irl7 accurate altitude-readings can be taken. Within 
a horizontal tube, square in cross-section, is an inclined metallic 
mirror, which extends half-way across the tube, its lower edge 
being straight and horizontal Through an aperture in ^e 
upper side of the tube this mirror reflects the bubble of a little 
spirit-level, which is attached to an index-arm and can be rotated 
by the finger in a vertical plane. The index-arm, bearing a 
vernier reading to 10 seconds of arc, moves over a semi-circle 
graduated in degrees. 

When the index is at zero, the spirit level is accurately 
parallel to the eye-tube. On looking through the latter, and 
shifting it in altitude till the image of the bubble is exactly 
bisected by the horizontal edge of the mirror, any object seen 
through the tube to coincide with that edge is on the same 
horizon or contour as the eye of the observer. By proceeding 
nearer to that point and levelling on from it to one more distant^ 
a horizontal chain of points may be established. 

By this means, even when only scattered heights and not 
contour lines are set down upon the map, the height above sea- 
level of some point near the place of observation can finally be 
determined. Such a point being known, the use of the level 
will determine the height of any other, provided it is reasonably 
accessible. Keeping the index still at zero, the observer, if the 
point to be determined is above that already ascertained, stands 
upright at the known point and levels through the tube at the 
slope above him. Selecting some prominent stone or grass-tufb 
that appears on the edge of the mirror when the bubble is 
bisected, he walks to this point and repeats the observation. 
By a succession of such observations, which may be made along 
the direct line between him and his goal, or edong as zigzag a 
course as the nature of the ground may dictate, he finally arrives 
at the point the height of which is to be found. The number of 
times the observation has been repeated, multiplied by the 
height of his eye above the ground, as measured with a tape 
when standing upright, gives the total height that must be 
added to that originally ascertained. 

* Made by Messrs. Trouehton & Simms and other optioianB ; price about 
408. Messrs. Elliott Brothers, London, make a highly useful form, prioe 
80s., in whioh a small prismatic compass, for horizontal surveying, is 
attached to the tube. 
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Similarly, if the unknown point is below the known one, the 
levelling starts from the former and rises to the latter. 

So far, a simple level, about 1 foot long, with sights at each 
end and a little folding mirror just above it to show the bubble 
when it is being held level in the hand, will serve for these 
and similar oontouring observations. But the convenienoe of 
Abney's level is that it can be also used for reasonably accurate 
determinations of the heights of diffii, and the thicknesses of 
great divisions of strata displayed on them. Thus, if a level 
shore can be obtained, two observations of altitude taken at a 
measured distance from one another will determine the height 
of any part of a rock-£Bu>e. The tube of the instrument is 
directed towards the point in question, and the spirit-level is 
rotated until the bubble appears bisected. Removing the instru- 
ment from the eye, the index will indicate the angle which the 
eye-tube made with the horizontal during the observation. In 
drawing out the results graphically, the height of the eye from 
the ground will again have to be taken into account. 

Moreover, this level works excellently as a clinometer, and 
thus enables one to dispense in practice with any other instru- 
ment for measuring angles. Since, in the forms made, the bubble 
is not always visible when the graduated arc faces the observer, 
the instrument should be turned round so that the spirit-level Ib 
nearest to the ey& The edge of the eye-tube, which for this 
purpose might easily be made a little longer, serves as the 
straight edge of the clinometer. When it is adjusted so as to 
appear coincident with the line of dip, rotate the spirit-level 
until the bubble is seen to lie centrally in its tube. The angle 
at which the main tube has been inclined to the horizontal will 
be accurately shown by the position at which the index now 
stands. After the spirit-level has been rotated so as to become 
horizontal, the coincidence of the straight edge and the dip must 
be carefully checked, lest the hand supporting the instrument 
should have shifts its position. 

A common triplet pocket-lens, or any useful form that will 
bear rough usage, must always be carried in the field, as indeed 
it should be carried by the geological observer every day of his 
life, whether in town or country. A note-book without ruled 
pages, so that outline-sketches may be added to the ordinary 
notes, can be kept ready in the side-pocket 

Seeing that tlie page of a field note-book is necessarily small, 
it is a good plan to carry sheets of the size of writing-paper in 
one's pocket-book, folded in quarters. Such paper can be un- 
folded to suit the nature of the sketch. 
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Facility in drawing the outlines of scenery comes with prac- 
tice, and a sketch or photograph should be made of every critical 
area or section. The points on a sketch may be lettered to 
facilitate reference in the notes or on the labels of specimens. 

Lastly, the geologist who knows how to treat and use 
a fountain-pen will never be without it in the field For 
precision of line in sketching, for writing on loose pieces of 
wrapping-paper, which may be waving in the wind, or on 
smooth surfaces of the specimens themselves, there is no com- 
parison between the utility of an ink-pen and a pencil Speci- 
mens may undergo various hardships during travel, and may 
remain packed up for months; but their labels, if written in 
' ink, will be always black and legible. 



OHAPTER II. 

ON THE OOLLEOTION AND PACKING OF SPECIMENS. 

Except in the case of brilliant examples of minerals, or of fossils 
exhibiting characters in an unusually fine state of preservation, 
specimens are of little utility or interest to the geologist unless 
gathered actually in situ, A talus-heap, still worse a road-heap, 
the materials of which may have come from anywhere, affords 
very tempting but very misleading material. Some " specimens " 
seen in their true position are, however, far too large to be 
carried away. In such cajses a sketch giving dimensions, or a 
photograph, must suffice, and chips from various parts may serve 
subsequently as illustrations of the whole. 

Hints are scattered through the following pages as to the 
points to be regarded in selecting specimens of various kinda. 
We need only note here that subsoils may be collected in arti- 
ficial cuts or on the banks of streams, some 2 feet or so below the 
ordinary cultivated and altered surface.''^ Where the physical 
characters of a loose material, such as a soil, are to be investi- 
gated, the following method has been found satisfactory. A box 
of thin iron is made, like a biscuit-box, 20 cm. long, 10 cm. 
deep, and 10 cm. wide, with two lids in place of a fixed bottom 
and a lid. An excavation to the required depth is made with 
a spade, and a good block of the soil is lifted out, without 

*yon Riohthofen, Fiihrer fOr Far8chung$reUende (1886), p. 28. 
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disturbance, on the spade, which is now laid on its back on the 
ground. Place the frame of the box on the block of soil, so that 
its length lies perpendicularly to the original sur&ce, and press 
it carefully down, whereby it cuts off the extra material round it, 
and becomes filled with the soil in a natural state. The frame may 
be driven down by taps with a hammer on its corners. Smooth otf 
the material that is now protruded through the frame above the 
level of its sides, and put on one lid. Turn the spade and box 
carefully over, and remove the spade; smooth off this side 
similarly and affix the second lid. Wipe the outside of the box, 
label it, and enclose in a bag or large stout envelope. In this 
way we obtain a soil-sample that we know occupied exactly two 
litres in its field-condition. 

Well-developed crystals of minerals are to be hoped for only 
in cavities and on the walls of open joints; while rock-specimens 
should be broken out from larger masses, so as to secure fresh 
unweathered surfaces. It is often useful, however, to show the 
amount of resistance of the rock to atmospheric action by collect- 
ing the surface-crust also. The difference of colour between 
such crusts and the interior is often striking, as may be seen in 
brown clay-blocks with blue cores, or in the blue-grey ''felstones" 
of Wales, which weather to a porcellanous white. 

Fossils may often be gathered in a good washed-out condition 
on the loosely coherent banks immediately below the outcrop of 
the beds in which they properly occur; but no pains must be 
spared in collecting from the horizons themselves, although speci- 
mens thus obtained may emerge fractured and otherwise obscured. 
The assemblage of forms should be fairly represented in a collec- 
tion, since it is well known that the mere fact of the occurrence 
of a particular species does not necessarily mark a zone. 

Curious errors of locality often arise, which are due to the 
indefatigability of man. Thus remarkable rocks are carried for 
long distances to decorate the window-sills of cottages, and aflber- 
wanls become cast out upon the hills to puzzle the wandering 
observer. Similarly the glassy slags of long-forgotten furnaces 
have again and again been produced as evidence that volcanic 
rocks occur in such and such an area. As to the shells of recent 
edible molluscs, especially the oyster, no locality seems too 
anomalous for their discovery. 

The labelling of specimens in the field may be done by attach- 
ing numbers to them on strongly gummed labels, and describing 
them, with corresponding numbers,* in the note-book. Each 
specimen should be wrapped in newspaper to prevent friction 
with its fellows in the bag. Hence a less cumbrous, though at 
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the same time less neat method, is to write all the description on 
some part of the plain white edge of the wrapping-paper ; this 
should be folded in so as to escape tearing, and should be always 
kept as carefully as the specimen itself. It will form, in fact, 
when subsequently torn off on unpacking each specimen, the 
"original label" drawn up on the spot to which all future 
refereuce must be made. Experience shows that specimens thus 
labelled on infolds of their wrappers may be sent thousands of 
miles by rail or sea without any risk of confusion or loss of the 
observations recorded. Dr. Blanford advises travellers in tropi- 
cal countries to poison their labels by washing in a weak solution 
of corrosive sublimate, to prevent their being destroyed by mites 
and insects. (See the admirable series of papers entitled ffinU 
to TrcvveUerSy published by the Boyal Geographical Society, 7th 
ed.,p. 382.) 

Charles Darwin suggested from his experience that during a 
voyage the specimens from distinct localities should have their 
wrapping-papers marked externally with characteristic signs, a 
practice of great assistance during unpacking.* 

The original label, or the note corresponding to it, should be 
as full as possible, and may even contain cross-references to 
specimens collected in the same series. If the locality is an 
unknown one, as in long traverses and in wilder regions, the 
hour and day of finding should be noted in each case. Even if 
this goes on from day to day during the passage of an expedition, 
some idea can be gained respecting the relative positions of the 
places studied along the route. 

The practice of noting the day, month, and even year, on the 
label of every specimen, is, indeed, of continual use in after 
reference ; and in all careful study of an area the hour of the 
day is of assistance. These minute facts, like so many others, 
are not, however, for publication. In research-work the duty of 
the observer is to separate the important £a,cts from the mass of 
material that has been gathered on the chance of its proving of 
importance. On the spot everything must be noted ; later studies 
weed out the fundamental from the trivial The young writer 
who refers to his specimens by number, and describes them each 
in detail, has either lost sight of their field-relations, or is work- 
ing on "drifted'' material in the darkness of cabinets and 
museums. 

The transport of geological specimens to their destination is 
seldom a matter of difficulty, owing to their non-perishable 
character. In most places cheap sacks or bags are obtainable, 
* Admiralty Manmi of Scientific Ehnqviry (1850), p. 272. 
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ftnd these prevent the specimens from shaking on oAe another, 
as they may possibly do in a partially fillea box. The bag 
should be of stout fibre, and should be sewn over with strong 
string just above the specimens. Several such bags may be 
sent on beforehand to the area of work, since there id offon a 
difficulty in a small town in procuring a box of sufficient strength 
and of convenient size. 

Fossils travel better in a wooden box, unless each can be 
enclosed in a small box of its own. Small and delicate specimens 
may be separated in stout oorked glass tubes, wrapped round 
with paper several times ; others may be temporanly glued to 
the bottom of chip-boxes before packing. Where wool is used, 
it is important to first wrap the specimen in tissue-paper, since 
the fibres of the wool, if in direct contact, remain upon the 
specimen for years. 

The development of the parcel post has greatly facilitated the 
transport of small series of specimens from foreign countries. 
It should be noted that in Italy a linen cover is required to 
parcels, paper alone being inadmissible; hence here, and else- 
where as a safeguard, a few calico bags to enclose the series sent 
form a handy addition to one's equipment. 
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PART IL 
THE EXAMINATION OF MINERALS. 



*' La Min^ralo^e, ^tant nno branche de rhiatoire naturelle, lea mdmea 
prindpeB qui dingent les natnralistes en g^^ral doivent dinger aussi le 
min^raloeiste. II cherche a connottre et H appr6cier la place qne les divers 
esp^oes de min^ranx tiennent dans cet ensemble d'dtres qu'on nomme la 
nature, et k s'instruire du rdlequ'ils y jouent." — Albxakdsb Brongnurt^ 
Traite de Min^ralogie, 1807. 



CHAPTER IIL 

ON THB OOCUBRENCE AND SOME PHTSIOAL OHARAOTERS OF 
MINERALS. 

A. Mode of Occnirence. — ^The relation of the mineral specimen to 
its surroundings should in all cases be observed prior to its 
extraction. Its occurrence in veins or diffused through a rock- 
mass, in concretionary forms or in well-developed crystals, its 
deposition upon earlier-formed constituents, or its inclusion in 
other substances that have aggregated round it— these are a few 
of the many points that may help in its final determination. If 
it appears to be a product of alteration, search should be made 
for examples of the mineral or minerals firom which it may 
reasonably have been derived. In the case of a substance of 
especial interest or of commercial importance, a rough sketch or 
plan of the spot made in the field will often refresh the memory 
and assist description when the details come to be worked out 
later. 

B. Extraction. — ^The modes of extracting particular minerals 
fi*om the mixed or massive aggregates known as rocks will be 
more conveniently treated of in connexion with the rocks 
themselves. The mineral particle, whether crystallised or not^ 
having been isolated from its matrix, some one or all of the 
following methods of examination may be applied with a view 
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to itB determination. The test of hardness, and some obser- 
yations on form and deayage, may often be employed without 
its remoyal from its surroundings; similarly, the optical tests 
described are far more commonly applied to minerals occurring ' 
haphazard in rock-sections than to preparations cut in known 
directions from specially extracted specimens. 

G. Colour and Lustre — TranspareuQy or Opacity.— It is un- 
necessary to remind any worker among minerals of the yariation 
of colour in one and the same species. The ores of the heayy 
metals are by far the most constajit in their colouring ; but eyen 
here the phosphates, carbonates, &c., may assume yery deceptiye 
tints. Similarly, a mineral may at times be transparent, at 
others apparently opaque. Sometimes, howeyer, as in the 
blacker yarieties of zinc blende, a small chip or t:^o flaked off 
will reyeal the true translucent character of the more typical 
mineral. The blue and blue-green colours of yiyianite will 
similarly become yisible when flakes broken from dark crystals 
are held up in forceps to the light. Some minerals, on the other 
hand, such as magnetite, are opaque eyen in the thinnest 
fragments; and this property becomes accordingly useful in 
their identification. 

The lustre of the faces of crystals or deayage-planes is often 
of seryice, though these are liable to be dulled by filmy products 
of alteration. The lustres recognised by experts are giyen in 
all works on mineralogy. 

D. Streak. — The streak of a mineral, •.«., the colour of its 
powder, can yery often be obseryed by scraping a rough edge of 
the specimen with an old but clean knife, and spreading out the 
little fragments^ under pressure of the blade, upon white paper. 
A refinement is to use a slab of unglazed porcelain or the side of 
a mortar, across which the specimen is drawn; the coloured 
lines thus giyen by different minerals may be produced closely 
side by side, and comparison becomes yery easy. The specimens 
must be firee from surface-films and decomposition-products. 
While most rock-forming minerals yield white or colourless 
streaks, the results giyen by many sulphides and oxides of the 
heavy metals are eminently useful and characteristic, especially 
when known specimens are ready at hand for comparison. It is 
scarcely necessary to mention the red streak of specular iron or 
htematite, the orange-brown of limonite, the grey of galena, the 
purple-red of pyrargjrrite, or the browner red of cuprite, as 
familiar and practical examples. 

£. External Form. — The pocket-lens will aid considerably in 
examining the crystalline form of minerals that have consolidated 
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under favourable conditions ; but the undue development of cer- 
tain &ce8, or the almost complete suppression of others, renders 
the interpretation of natural forms far more difficult than 
would appear from the symmetrical drawings and models which 
are first placed before the elementary student Not even the 
measurement of the angles will distinguish between an elongated 
cube and a prism of the tetragonal system; but) in such a proble- 
matic case, some other test is certain to be available which will 
virtually decide the question of the species to which the mineral 
belongs. In the preliminary examination with the eye or with 
the lens, twin-structures may occasionally be detected. Thus 
the characteristic Carlsbad twinning of orthodase, whether in 
granitic or trachytic rocks, is very generally observable upon 
broken sur&oes ; the basal cleavage is inclined in reverse direc- 
tions in the two halves of which the crystal is built up ; hence 
the one half will show, as the specimen is turned about in the 
hand, a series of brightly reflecting surfieuses, while the other 
remains dull or even earthy-looking. From a similar cause, re- 
peated twinning, as in plagioclase felspars, ofben reveals itself by 
the appearance of fine alternating duller and more lustrous bands. 
It is often useful, and in some cases is absolutely necessary, to 
determine the angles made by certain planes of the crystal. Even 
wheire works of r^rence are not to hand, the determinations can 
be forwarded to a friend more fortunately situated; and the 
angles thus measured and compared will, from their constancy in 
the same species, serve to explain faces and forms of the most 
anomalous development. With sufficient practice upon fiimiliar 
specimens, the well-known contact goniometer of Oarangeot * is 
capable of giving excellent results. In its simplest and perhaps 
handiest form it consists of two small flat bars of steel or brass, 
in each of which a slot is cut extending from near one end to the 
centre, the other half remaining solid. A little bolt is passed 
through the slots, and the bars are clamped together by a 
nut. By releasing the nut and drawing back or thrusting 
forward either of the bars, their deanly-cut inn«r edges may be 
applied to any two planes of the crystal that are not parallel to 
one another, the measurement being taken when the edges of the 
bars are perpendicular to that formed by the intersection of the 
two planes of the crystal. When exact contact has been made, 
which may be best secured by holding up the crystal and the 
instrument, and observing that no light passes between the planes 
and the edges of the bars, the bars are carefully clamped together 

* 0h9ervcU%onB mar la Phynque, dbc, tome xxiL (1783), p. 193. Hatty and 
others have spelt the name ** Carangean *' and " Caringeau." 
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and again applied to the planes in question. If no shifting has 
taken place during clamping, it only remains to determine the 
angle bfetween the inner edges of the hars. 

This is host done by applying the instrument to a semi-ciroular 
or cireular protractor, which indeed forms an integral part of the 
contact goniometer. The point of intersection of two adjacent 
edges of the bars, or else of their middle lines, is made to coincide 
with the centre from which the angles have been marked off on 
the protractor. The angle is read off between the prolongations 
of the bars and not between the edges tliat were actuaily ap- 
plied to the crystal. 

Mr. Penfield has recently devised two types of cheap and 
simple contact goniometers, in which the materials are card 
and Tulcanite. vThese are sold by Ward, 76 CoWegp Avenue, 
Rochester, New York, at about 2s. each, and are highly 
serviceable. 

In the case of small crystals, and where greater exactitude is 
required, the reflective goniometer must be employed, but is, of 
course, available only where the faces are reasonably bright. 
Dull planes of crystals may sometimes, however, be rendered 
artifi<nally lustrous by cementing to each a little flake of micro- 
scopic cover-fflass, the gum or cement being spread equally over 
the hce. The instrument, as described in every text-book of 
mineralogy,* necessarily costs several pounds ; but for general 
purposes of identification the ingenious contrivance of Professor 

W. H. Miller, based upon the 
same principles, proves very 
simple and efficient. A stout 
brass wire, bent at right angles 
at the top, is fixed upright near 
one end of a thick piece of 
board, which should be about 
a foot long, with neatly planed 
edges. A cork is fitted on the 
bent arm of the wire, as shown 
at c in fig. 3, and through it a 
shorter wire is thrust, also 
bent at right angles, and bear- 
ing a little plate, a, of cork or wood on one end. The crystal 
to be examined is attached to this plate by wax,t and the wires 

* Wollaston's original paper ia in the PhU. TVotM. Roy, Soe,, voL xcix. 

(laoey, p. 253. 

t BJ^. Qumey, in hia Oryttallography, reoommends bees'-wax and olive 
oil mdted together and Btirred until suitable consistency is attained. Only 
a small admixture of oil is required. 
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mnst be of sucli a length .that, by the yarioiis adjustments of 
which this simple instrument is capable, the crystal-edge con- 
cerned can be brought into an accurately vertical position and 
immediately over one of the nearer angles of the board. 

The instrument is placed on a sheet of paper festened by 
drawing-pins to a table at some eight or ten feet distance from 
a window or similar opening. If the window has a vertical bar, 
this may be utilised as a signal during measurement ; if not, 
some rod or band can easily be hung across it. A second 
vertical signal must be set up at the same distance from the 
instrument) and may conveniently be placed on the same wall. 

The eye is brought close against the crystal, and the gonio- 
meter 18 moved about on the sheet of paper until the reflection 
of the window-bar seen in one of the bright faces concerned 
appears to coincide with the second signal seen beyond it. Now 
rule a line on the paper along one of the longer edges of the 
board. 

Bring the eye again into the same position as before, and 
rotate the board horizontally about the point over which the 
crystal edge has been adjusted. This rotation may be assisted 
by having a large drawing-pin fixed to the wood, its point 
projecting downwards exactly below the comer of the board. 
When, by rotation, the reflection of the window-bar is seen in 
the second face of the crystal and is made to coincide with the 
other signal as before, another line is ruled from the same edge 
of the board upon the paper. Measure the angle between these 
two lines with a protractor; it is obvious that, no disturbance of 
the first adjustments having occurred, it will be the supplement 
of the anele between the two faces. One of the lines may be 
produced beyond the point of intersection, and the actual angle 
may thus be measured ofi* at once. 

Oare must be taken in selecting faces to be measured by any 
method involving reflection, and at first a little difficulty will be 
experienced in seeing the image of a signal on so small a surface, 
however bright. Beginners are apt to hold the eye at far too 
great a distance, and thus run the risk of confusing the 
reflections from two adjoining faces. Leaving the discussion of 
telescopic and other refinements to advanced treatises on minera- 
logy, an easily constructed form of the ordinary Wollaston 
goniometer may be described in concluding these remarks. In 
fig. 4, a is a strong wooden upright fixed to a board as a base, 
and serving as a support to the circular protractor, b. A T-piece, 
tj conveniently made of brass tube, runs horizontally through the 
support, its axis traversing the central point of the protractor. 
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the bar of which has been partly cut a-way. The bearings of I 
may consist of bored corks thrust firmly into a larger hole in a, 
and its cross-piece forms a handle by which to turn it during an 
observation. Two corks, e and d, work on the prolongation of t; 
c carries a pointer, whicb can be adjusted to some convenient 
degree on the graduated arc, a semi-circular protractor being thus 
all that is actually necessary ; while d^ which can itself carry 
other cork and wire refinements, serves to support the crystal on 




Fig. 4. 

its bed of wax. The refinements hinted at may facilitate the 
adjustment of the important edge so as to coincide with the axis 
of t, and a small cork sliding stiffiy on a wire, as indicated in the 
sketch, will allow of the use of specimens differing largely in 
size.* The signals used are, of course, horizontal, and the 
reflection of the first one in a piece of glass backed by dull black 
paper and placed under d, as in the excellent student's instrument 
devised by Mr. Miers,t will enable the worker to dispense with 
a second and independent signal. 

Any one fiuniliar with tools and with a lathe can easily 
.improve and elaborate such an instrument ; but the simple form 
here mentioned serves well for determinative purposes. More- 
over, if the protractor is fixed by two small screws with flattened 
or ring-shaped heads, such as are commonly used for picture-rings, 
it is clear that the whole arrangement can be taken down without 
the aid of tools, and, with a little care in adjustment, set up 
again ready for use. It is well before using it to test its 
behaviour upon some known and satisfactory object. 

As examples, a few crystal-angles are subjoined, some of the 

* A piece of cork may also be thrust into the end of t, and from it a fine 
needle may project, coinciding with the axis of rotation. Against this 
needle the edge m question mav be adjusted. 

t Made by Messrs. Tronghton k Simms, l^ondon. See Min, Mag., vol, 
ix.,p. 214, pis. ii(.*v. 
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figures being safficiently obvious, but given bere as nseful tests 
for practice : — 

Quartz; adjacent faces of positiye and negntive rhombohedron ; IBS'" 44'. 

Caldte; oleavaffe-rhombohedron, measured over a polar edge; 106** 6'. 

FluoT-apar; cuoe face and octahedral cleavage; 126* 16'. 

Augite; prism faces ; 87* 5' and 92* 55'. 

HombUnde; prism faces; 55* 30' and 124* 2ff. 

Orthockue; principal cleavages ; 90*. 

LabradoriU; principal cleavages ; 93* 20' and 86* 40'. 

€/arnet; any two adjacent planes of rhombic dodecahedron; 120^. 

Spind; octahedron faces; 109* 28'. 

Topaz; tjjfioaX prism faces; 124* 17' and 55* 43'. 

Zircon; pnsm and pyramid face ; 132* lO'. 

F. Cleavage. — Tbe presence or absence of cleavage sbould be 
carefully looked for, and tbe examination of broken fragments of 
a minenJ with tbe pocket-lens or tbe microscope will often afford 
valuable evidence. The planes of cleavage are often marked out 
on tbe exposed surface of a crystal, as in hornblende, by traces 
of incipient decomposition. Tlie use of tbe basal cleavage in 
observing tbe twin-structure of orthoclase has been already 
referred to. Tbe phenomena described by Professor Judd as 
" Scbillerisation " * give rise to planes of separation, commonly 
regarded as cleavage-planes, tbese secondary surfaces of weak- 
ness being marked by a pearly or sub-metallic lustre. Tbe 
shimmering surfaces of broken diallage, ordinary bronzitey 
murcbisonite, &c., are due to tbis type of separation-plane, and 
the minute plates that cover them may be well seen in sections 
under tbe microscope. 

As examples of tbe utility of the observation of cleavage, we 
may refer to the following minerab : — 

1. Oolourless and transparent minerals : — 

Quarto.— No cleavage ; fraotnre conohoidaL 

Topaz, — Cleavaffc basal, perfect. 

Adrdaria, Saniaine, and other clear fekpars. — ^Basal and dino- or braohy- 
pinacoidal oleavafles, perfect. 

CWo^— Khombohedral cleavage, perfect. 

Aragonite. — Does not yield the perfect rhombohedra of caldte ; brachy- 
pinacoidal cleavage alone good, prism and braohydome imperfect. 

Fluor-apar (oftoi colourod).— ^leavaae octahedral, perfect 

Diamond, — Cleavage octahedral, penect 

Common Jfuseovifo and other pale micas.— Remarkably perfect basal 
cleavage. 

• "Tertiary Peridotites of Scotland ;" Quarterly Journal of Geological 
Society, London, vol xli (1885), p. 383. 
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2. Darkly-coloured or opaque black minerab : — 

Augiie and J7omN»uie.— Cleavages prismatic and good. 

Tourmaline (iS^dboW).— <^eavage seldom seen ; fraotnre furly coaohoidaL 

Dark iftccu.— Like mnscovite. 

iro{/him.— Clinopinaooidal deava^e, perfect 

CassUerite. — Prismatic cleayaaes, miperfect. 

Zinc Btouie. —Gleayage parallel to rhombic dodecahedron, perfect 

G. Hardness. — The hardness of minerals, though varying at 
times in the same crystal according to the plane or direction 
selected for the test, forms none the less one of the best known 
and most satisfactory means of discriminatingbetween substances 
closely similar in appearance. The Scale of Hardness devised by 
Mobs consists of the following minerals, arranged from the softest 
to the hardest :-^* 



1. Talc. 

2. Gvpsum (Selenite). 

3. Oatoite. 

4. Fluor-spar. 
6, Apatite. 



6. Orthoclase, fresh and cleavable. 

7. Quartz. 

8. Topas. 

9. Corundum, cleaved. 
10. Diamond 



Any one seeking to determine minerals should be thoroughly 
well acquainted with this scale. The relative resistance of each 
member to the point of a good pocket-knife should be carefully 
observed in succession, until No. 7 is reached, which is not 
scratched by steel. If a specimen of each member is passed 
lightly over the surface of a file, different amounts of material 
will be removed from each, and the sound produced, at first 
slight, will become more grating as the higher members are 
useid. It is yet more convenient to draw one edge of a three- 
sided file lightly across an edge of the member of the scale, the 
varying amount of resistance and the difference in the sound 
being very clearly noticeable. 

When the scale itself has been thoroughly mastered, the hard- 
ness of a mineral specimen may be determined by it A sharp 
point of the mineral is selected and drawn firmly across Nos. 9, 
8, 7, &c, until a member is found upon which a scratch can just 
be made. It is always necessary to pass a brush or the finger 
across the supposed scratch to remove the powder, which may 
after all be derived from the mineral examined, and not from 
the member of the scale. A true scratch will appear as a 
distinct little groove when examined with the pocket-lens. 

When a member is found that can be scratched by the mineral 
under examination, further test should be made of the effect on 
that next higher in the scale. The use of the file will also help 

* The interyals between the Buccesslve members of the scale are now 
known to be exceedingly unequaL See, for instance, T. A. Jaggar, Amer, 
Jowrn, o/8ei., Dec., 1897, p. 411. 
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to ally the mineral with one or other member, or to place it mid- 
way between two, when its hardness is knoWn as 3 '5, b*^ &c. 

With practice, however, the use of the scale itself becomes 
necessary only in cases of special interest, and the observer 
relies largely upon certain simple instruments alone. Thus — 

(a.) Minerals unscratched by a good knife have a hardness 

~\ " 6 or upwards ; 

(b.) Minerals scratched with a knife have H = 5-5 or less ; 

(c.) Minerals scratched by a bronze coin have H = 3*0 or less ; 

(d.) Minerals scratched by the thumb-nail have H « 2*5 
or less. 

Few minerals are harder than 7, and the relative degree of 
resistance to the knife afforded by the softer substances will 
commonly assign them their places, even when an actual Scale 
of Hardness is not to hand. Few persons will find serious 
difficulty in thus distinguishing between degrees 3, 4, 5, and 6, 
while the thumb-nail decides the lowest degrees of all in an 
equally efficient manner. A thin soft mineral, such as talc or 
mica, wrapped about a harder core, as may occur in schists, 
presents occasionally a difficulty; and it must be remembered 
that decomposition renders many substances softer than the 
values given in text-books, which are those of typical specimens. 

The hardness of small fragments of minerals can be best 
ascertained by drawing them across a substance already deter- 
mined. A thin layer of '^ electric cement " * or similar material 
may be melted on to a small bar of wood, and the grains to be 
tested may be partly embedded in this, and will become firmly 
set when all is cooL The cement must not be so thick as to 
allow a grain to become enveloped when pressed down into 
it. Using the wood as a handle, draw the mineral grain 
or grains over glass, bronze coins, members of the scale of 
hardness, dec., and observe the results. Where several grains of 
different hard minerals have been embedded for comparison, a 
good deal may be done by drawing a glass slip, such as is used 
for microscopic mounting, across each grain in succession, and 
noting the varying depth and character of the scratches thus 
produced. 

H. Magnetic Gharacters.— The minerals that are attracted by 
an ordiniury magnet in their natural condition are veiy few, the 
most familiar being magnetite and pyrrhotine. The former at- 
tracts its own powder very freely, affects the magnetic needle 
of a pocket-compass in a more or less marked manner, and not 
* 5 parts ream, 1 part bees'-wax, and 1 part red oohre. 
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tmfrequently exhibits strong polarity. Fragments of pjrrhotine 
also attract their own powder, are easily lifted by the magnet^ 
and are recognised by their bronze-yellow colour. In the case 
of feebly magnetic substances, their powder should be spread 
out on a smooth sheet of paper and the magnet moved about 
just above the little particles in a somewhat brisk manner. 
Even if the particles decline to quit the paper for the magnet, 
movement can be easily seen among them, and they will rise 
and stand on end as the magnet nears them, falling again after 
it has passed. 

Compounds of iron, nickel, and cobalt, not previously magnetic, 
become so after reduction on charcoal before the blowpipe. The 
mass must be cut out, crushed, and then treated as above. The 
particles extracted from the residue by the magnet can be further 
tested in borax or microcosmic salt (See Chapter Y.) 

If the magnetic properties are so weak that the particles have 
to be touched with the magnet before they are influenced by it, 
care must be taken that the magnet is perfectly clean. Examina- 
tion with the lens will show whether any adherent particles are 
held by virtue of their magnetism or by mere clinging to a 
moist or sticky surface. In the former case they will be seen 
standing up in unusual positions upon the steel. 

The place of a bar-magnet can always be taken by a magnetised 
blade of a pocket-knife. With a kmfe that has been so treated 
useful field-observations may be mada Thus the remarkable 
prevalence of pyrrhotine may be shown in some rock-masses, in 
place of the more familiar iron-pyrites; and such occurrences 
may easily be overlooked unless detected on the spot itself. 

I. Specific Gravity. — The most £Etmiliar method of determining 
the specific gravity of a body is that involving the use of an 
accurate bahuice and a set of chemical weights. The specimen 
is suspended by a light silk thread from the hook on the under- 
side of a small pan, which replaces the ordinary pan of the 
balance. It is weighed in air (w) and then immersed in a glass 
of distilled water ; all bubbles are carefully removed,* the water 
being boiled if necessary, or the vessel being placed for some 
time under an air-pump ; the weight of the specimen when sus- 
pended in water is then determined {v/), and the specific gravity 

(G) = 7. In accurate determinations the water used should 

^ ^ to - w' 

* To remove babbles with a brush, withdraw the speoimen and paint it 
over, as it were, with water, which should be worked well into the hollows. 
On again immersing, the bubbles will have broken and disappeared. 
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be at a standard temperature^English observera have chosen 
60' F. 

Some few substances of interest to the geologist may be lighter 
than water — f.0., they have a density of less than 1. In such 
cases a sinking-weight may be attached, and allowed for as 
follows : — Let the weight of the sinker in water be a', and the 
joint weight in water of the specimen and the sinker be h\ w 
being, as before, the weight of the mineral in air. Then in 

place of tp' we have b' - a', and G = 57 7. 

It is often impossible to suspend small mineral fragments 
directly from the hook ; but they may be weighed in a little pan 
attached to the light silk thread. Let the weights of this pan in 
air and water respectively be a and a! ; add the mineral particles, 
and let the weight of these together with the pan be determined 
both in air and water (6 and by Then w^h-a^ and w'^b' - a\ 
whence G can be worked out as before. 

Mr. Smeeth* has devised an excellent modification of this 
method, which avoids all risk of loss by the flotation of small 
grains during immersion. The pan is partly filled with vaseline, 
which is melted after the mineral particles, already weighed in 
air, have been laid upon it. The mineral thus sinks in and is 
completely covered. The difference of weight in water of the 
pan and vaseline, and the same with the mineral added, gives 
the weight in water of the mineral powder used. 

In the case of substances soluble in water, alcohol, turpentine, 
or carbon tetrachloride can be used. The figures are worked 
out as usual, but the result must be multiplied by the density 
of the liquid used, which may be determined by comparing the 
weight of a vessel filled with it — preferably a specific gravity 
bottle — with that of the same vessel filled, at the same tempera- 
ture, with distilled water. 

The use of the specific gravity bottle involves appliances of 
some delicacy, t The bottle should be small, to suit the probable 
amount of material to be used; a 25-gramme flask is large 
enough. Fill it with distilled water, insert the perforated 
stopper, and wipe off any water that has flowed over. Place the 
powdered or fragmentary specimen on the pan of the balance on 
a scrap of smooth paper, a counterpoise to the paper being laid 
in the other pan. Weigh thus in air (t^). Now place the full 
bottle beside the specimen in the pan, and determine the joint 

* Proc. of the Royal Dublin Soc^ vol. vi. (1888), p. 61. 
tFor refined work, see Berkeley, "Accurate method of determining the 
density of aolids," Min, Mag,, vol. xL (1897), p. 64. 
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weight, a. Transfer the specimen to the bottle, remove babbles 
with particular care, replace the stopper, wipe, and weigh again 
{by The weight of water displaced by the specimen - a - 6. 

Then G = — ^. 
a - 

The instrument known as Nicholson's aroometer or hydro- 
meter is described in every text-book, and, with a delicate set of 
weights, gives fidrly accurate results. A more or less tubular 
hollow metal body, closed at both ends, bears a weighted pan 
at the lower end, and a second pan at the upper end, supported 
on a thin vertical rod. The instrument floats upright in water, 
but must sink only so far as to leave the greater part of the rod 
above the sur&ce. A scratch is made on the rod^ well above 
the surfiice of the water, and weights are placed in the upper 
pan until this mark is brought down to the water-level. Let 
this weight be a. The observation is best made by looking up 
from below through the side of a transparent vessel, until the 
scratch just appears and disappears as the instrument sways 
slowly in the water. The specimen must be lighter than a, and 
is now substituted for the weights in the upper pan. Again 
add weights (6) until the mark comes down to the water-leveL 
The weight of the specimen in air (to) = a - 6. Remove the 
weights, and place the specimen in the lower pan. A greater 
weight than 6 will now be required to bring the instrument to 
the standard position. Let this weight be c ; o - 6 = the weight 

of the water displaced by the specimen ; hence, G = ^ 

Undue swaying of the instrument and immersion of the 
weights may be prevented by covering the vessel with a card- 
boanl or wooden plate, the rod coming up through a broad slit 

Apart from the &ct of its requiring a box of weights, and an 
inconveniently larse vessel in which to float it, the araeometer 
scarcely competes in convenience with other simple instruments 
now in usaf 

First among these comes an appliance resembling a steel>yard, 
invented by Mr. William Walker, of Dundee, and described by 
him in the Geological Magaedne for 1883, p. 109. Its popularity 

*Thii mark is generally omitted in the InstromentB sold, and has to be 
pnt on by the j^chaser. The moetaconrate reenlte are obtaiaable when 
the sinking-weight is above 15 grammes and 10 grammes or so of the 
specimen can be used. 

t On this point see Prof. J. W. Jndd, *' On the rapid determination of the 
Specific Gravity of Minerals and Bocks." Proe, Oeol. Associatum, yoL vilL, 
PL 288. 
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has earned for it the name of Walker's balance, and it remains 
at present the most oonvenient and portable instrument of which 
the geologist can avail himself. 



Q 



W7\ 



Fig. 6. 

The steel bar, A, in fig. 5 is supported in the rest, B, by a 
knife-edge piece fixed through it about 3 inches from one end. 
The remainder, some 18 inches long, is graduated into inches 
and tenths, starting from the point of support 

The short arm of the bar is notched upon its upper surface, 
and a heavy weight, 0, can thus be hung from it at a variety of 
distances from the ^Icrum. 

The long arm passes through a looped upright, D, which 
checks undue swinging, and, by a mark scratched on it, serves 
to indicate when the bar comes to a horizontal position. 

The specimen, which may weigh several ounces, is hung by a 
cotton thread, a loop of which passes over the long arm. It is 
then slid along the arm until it counterbalances l£e weight 0, 
which has been suspended near to or far from the fulcrum, accord- 
ingto the weight of the specimen used. 

When the bar indicates by its swing that it would come to 
rest in a horizontal position, the reading a is taken ; i.6., the 
distance from the fulcrum of the point of suspension of the 
specimen. 

The weight is kept in the same position, and the specimen 
is immersed in a tumbler of water; to restore equilibrium, the 
specimen must now be carried farther out along the beam. Let 
this new position be 6. Then, a and b being, by the principle of 
the lever, inversely proportional to the weights in air and water 

respectively, G = j— — . 

The results are accurate to the first place of decimals, and 
often compete with the ordinary balance in the second place ; 
while for mineral or rock specimens of a fair size they may be 
held to be entirely satisfactory. 

The earner terms of the instrument had a spare hammer-head 
as a weight, a shaft being also supplied. This hammer might be 
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used and worn down without affecting the value of the 
results, since all we require is that should be the same 
in the two experiments made upon any one specimen. The 
diviflion of the bar into centimetres and millimetres will 
give more delicate readings and also a useful scientific scale. 
The supports are made to unscrew from their bases, and all 
is packed away into a light box, which, for travelling, can be 
reduced to a baize wrapper with pockets, such as is often 
used for tools.* 

Early in the last century, Lukensf used an equipoised beam, 
suspending the specimen from the shorter and thicker arm, and 
running a weight, which might be a smaller suspended specimen, 
along the other and graduated arm to restore equilibrium. 
Coatest proposed a similar beam, in which 'Hhe shorter end is 
undivided; but on the longer is inscribed a scale, of which every 
division, reckoning from the extremity of the lever, is marked with 
a number, which is the quotient of the length of the whole scale, 
divided by the distance of the division from the end. Thus at 
half the length is marked the number 2, at one-third 3, &c 
Also at two-thirds the length is marked 1), at two-fifths 2}, 
&Cf . . . the pivot of me instrument represents unity, and 
a notch is made at the further end.'' Any convenient weight 
is hung by a hook from this notch, A; the specimen is slung 
firom the other arm by a horse-hair or tluread and slid along till 
equilibrium is attained. The reading AB, where B is the ful- 
crum, is obviously constant for all experiments. Immerse in 
water ; the small weight must now be slid in from A towards 
the fulcrum B ; let this reading in water be OB; then 

G = -j-^ — T^'^'TTY "^^ graduation adopted gives this result 

at once, for we have only to read the figure coincident with the 
point 0. 

Dr. J. Holms PoUok has independently devised a very small 
and portable balance on Coates's principle, which is made by 
Messrs. Baird & Tatlock, London, for 16s. 

In Mr. R. Parish's balance,§ two pans are hung one above the 
other from a fixed point on one arm of the beam, the lower pan 

* Walker's balance is made by Mr. G. Lowdon, Reform Street, Dundee. 
Price 31b. 6d. 

f Philosophical Magaziw, vol. Iviii. (1821), p. 108. From Joutm, qf 
Acad, ofNai. Sciences, Philadelphia, vol. i., Part 2. 

tlbid,, p. 109. From same source. 

8 American Joum. qf Science, ser. ill., voL z. (1875), p. 352. 
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being immdned in water. The beam is then equipoised by a 
small sliding weight, clamped by a screw, working on the arm 
that bears the pans. The specimen is laid in the upper pan, and 
balanced by the addition of a light pan, into which sufficient 
sand is thrown, suspended from the point corresponding to A in 
Ooates's instrument The specimen is now transferred to the 
lower pan, and the balancing-pan is slid inwards, care being 
taken not to disturb the sand. The reading now made gives 
the specific gravity without calculation, the graduation being on 
the plan employed by Ooates. 

One merit of this instrument is that fragmentary materials 
can be determined, as no suspending thread is required ; but in 
practice it is probable that the results obtained by it are not 
superior to those given by Walker's balance, while it is more 
complicated in construction. 

Prof. Jolly's spring-balance or Federwage is, however, simple 
and yields excellent results. A long brass spiral spring, which 
may be exchanged for one of greater delicacy if the specimen is 
exceptionally small, is hung from a sliding rod, set in a pedestal 
some 3 feet high. One end of the spring may thus be brought 
5 feet above the table. The base of the instrument is pierced 
by three levelling-screws, and a long slip of looking-glasis, with 
even graduations marked on it, is let into the face of the 
pedestal. Two light pans are hung, one below the other, from 
a wire hooked to the lower end of the spring, and on the wire is 
fixed a little bead, acting as an index. 

The lower pan is sunk well in a tumbler of water, the support 
of which can be slid up and down the pedestal ; and the sliding- 
rod is carried so high that the pans come to rest somewhere 
opposite the upper divisions on the graduated mirror. Looking 
along the top of the index-bead untU it appears to coincide with 
its image in the mirror, the position of rest, a, of the spring is 
noted, in terms of the fine graduations used. It will be seen 
that this reading corresponds to the determination of the sink- 
ing-weight of the arseometer, only in this case the figure will 
vary according to the adjustment of the spring at starting. 

Place the specimen in the upper pan, having previously drawn 
the tumbler to a lower position to avoid the wetting of both 
pans. Readjust the tumbler until the pans swing freely and as 
much of the lower suspending-wire is immersed as before. Take 
a second reading, b ; then 6 - a » to, the value in air. 

Transfer the specimen to the lower pan, and readjust. The 

new reading, e, will be less than 6, and G «? . 
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Though not so suitable for trayellers, this makes an admirable 
laboratory-instrument,* and, the readings being merely proper- 
tionaly the utility of the spring as a weight-measurer is not 
affeeted by expansion due to change of climate. 

We must conclude the present section with an account of the 
ase of dense liquids in determining the specific gravity of mineral 
particles. If a solution of known density is to hand, and a 
specimen, though it has been completely freed from bubbles, 
floats upon the surface, while others sink with more or less 
rapidity, some idea of their relative specific gravities may be 
obtained. 

Further, if the liquid is diluted until a particular specimen 
swims about in it and remains sluggishly wherever it is placed, 
the liquid and the mineral will be of the same specific gravity. 

That of the liquid may be determined by throwing in a 
series of specimens already determined, until one is found 
that will neither float nor sink to the bottom ; or by 
suspending a weight from a chemical or Jolly's balance, 
and comparing the readings given when it is immersed in 
water and in the liquid respectively. Pro£ SoUas ("Gran- 
ites of Leinster," TrcmsacHons of the Royal Irish Academy^ 
vol. zxix., 1891, p. 430) has even employed a minute hydro- 
meter. 

This method of determining specific gravities, which can be 
used even in the case of very small specimens, was brought into 
prominence by Mr. E. Sonstadtt as recently as 1874, and has 
since been largely utilised. 

Sonstadt's solution consists of a saturated solution of potassium 
iodide in water, in which is stirred up as much mercuric iodide 
as it will dissolve. '' It will then dissolve more iodide of potas- 
sium, then more mercuric iodide, and so forth. The iodides dis- 
solve very slowly at the last, and as it is best not to accelerate 
the solution by the application of heat, considerable time must 
be allowed when a liquid of maximum strength is required. 
The solution, after filtering, is fit for use. ... It may be 
diluted to any extent, and then concentrated by heat, without 
injury." The maximum density obtainable fieills just short of 3*2, 
and is about 3*17 in hot climates, these figures being higher than 
those first given by Sonstadt 

In addition to its use in determining specific gravities, Son- 
stadt pointed out that his solution would serve to separate 

* Supplied bv Krantz, Rheinischet Miiieralien-Ck>iitor, Bonn, at 878. 
t " New Method of taking Specific Gravities," Chemical News, vol, xto., 
p. 188, ' 
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mineral particles of one kind from others with which they might 
be mixed, as in the case of diamonds ocourring in quartz sand. 
This application has been so far extended by Thonlet in France, 
and Goldschmidt in Germany, that the solution has often been 
named after these workers instead of after its original dis- 
coverer. 

Rohrbach's * solution of iodide of mercury and iodide of barium 
has a density as high as 3*588, but decomposes on addition of 
water, and must be reduced to the density required by a specially 
prepared dilute solution. Neither of the foregoing liquids are 
satisfactory for the traveller, or even for laboratory use, on 
account of their dangerously corrosive and poisonous character. 
They have been largely superseded by the solution of borotung- 
state of cadmium, first prepared by D. Klein,f and now very 
widely used. This is also a pale yellow liquid, with a density 
of 3-28 ; it can be diluted with water and again concentrated by 
heating over a water-bath until a hornblende crystal just floats 
upon the sur£Etce. Any overheating will cause the salt to 
crystallise out on cooling down, when a fresh dilution will be 
necessary. Though poisonous, the borotungstate is not irritant 
like the mercury solutions; it can be carried about in a stoppered 
bottle in the solid state, and dissolved in distilled water when 
required. A few ready-made solutions of known density, kept 
carefully stoppered, will be very useful in the discrimination of 
gems. The only objections to this liquid are that it decomposes 
carbonates, so that specimens before use should be treated with 
a mild acid ; and that it tends to crystallise readily upon the 
stoppers of bottles or the glass rods used in stirring. The rods 
and vessels used should always be washed with distilled water, 
the resulting very dilute solutions being kept together in a bottle, 
to be concentrated by evaporation when time allows. 

Another liquid that is of great utility has been broughJ^ for- 
ward by R. Brauns.^ He uses methylene iodide, which must 
be diluted with benzene and not with either water or alcohol, 
and which, to preserve its pale straw-colour and transparency, 
must be kept as much as possible from the light When it has 
become darkened, as must eventually happen, the colour can be 
restored by putting a few globules of mercury into the bottle and 

* NeiuM JahrbuchfOr Mineralogie, dkc, 1883, p. 186. 

t OompUa Bendtu, tome 93 ; Augnst 8, 1881. The solution, at maximum 
deoBity, is sold by Marquart, of Bonu, at about £3 per kilogramme. On its 
manufacture, see W. Edwards, Oeol, Mag,^ 1891, p. 273. 

t NeuM JahrbuchfUr MinercUogie, dfc, 1886, ii. Band, p. 72. The liquid 
is sold by chemical dealers at about is. per oz., three or four ounces beine 
t fair (quantity to begin witt^ 
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shaking the whole together for a few miniites. This liquid, from 
its not orystallising when concentrated by evaporation, is very 
clean uid agreeable to use, bnt does not seem so adapted for 
researches made beyond the reach of laboratories as does the 
borotongstate of cadininm solution. Methylene iodide can be 
prepared of a density of 3*33, which gives it a further advantage 
over all bat Rohrbach's solution. 

J. W. Retgers has shown how methylene iodide can be raised 
to a density of 3*66 by dissolving iodoform in it and afterwards 
iodine.* He utilises for the extraction of rutile, Ac, from other 
heavy minerals various nitrates, which become liquid at about 
70* Q, and are as dense as 5*0 (see p. 120). 

Herr W. Muthmannf proposes the use of acetylene tetra- 
bromide, and shows how it may be very cheaply prepared. It is 
dilated with benzene, or, as Mr. 0. R. Lindsey informs me, still 
more conveniently with petroleum spirit, known commercially 
as <' deodorised benzene." Its maximum density is 3*01. 

It will be seen that the dense liquids named will serve, by 
proper dilution, to determine the specific gravity of most of the 
rock-forming minerals, though they mostly fail to discriminate 
between garnet and ruby, topaz and diamond, 4c. It may be 
noted, however, that beryl will float easily in a solution in which 
green tourmaline sinks, while the great mass of gems can be 
divided off by similar observations from quartz and other worth- 
less matter. The specimens tested should be examined with 
a high-power pocket-lens or a microscope in order that their 
purity may be guaranteed ; and it is obvious that abundance of 
enclosures, solid or fluid, will seriously affect the results. But 
in practice even closely-allied felspars can be distinguished as to 
specific gravity by this method, which has become of increasing 
value with the researches of each successive year. 

Undoubtedly the happiest development of the method has 
been the difiusion-column invented by Prof. Sollas.| A small 
test-tube, say i inch in diameter, is half filled with the liquid at 
its maximum density ; water or benzene, according to the dense 
liquid used, is then poured on the top, no special care being 
necessary. The tube , is set aside for twelve hours or so, by 
which time a column will have been produced by diffusion, the 
density of which increases regularly downwards. Indexes are 

* NeusM Jahrh. fOr Min., fto., 1889, ii. Band, p. 186; also Min. Mag., 
voL iz. (1890), p. 46. 

t ZetUchriftfOr KryskUlographie, Bd. xxx. (1899), p. 73. 

X Nalure, vol. zliii. (1891), p. 404 ; and T. D. La Touohe, ibid., vol 
(iii, p. 199; also ibid., voL xlix., p. 2U. 
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dropped into this, either in the form of mineral fragments of 
known specific gravity, or of glass beads ; the latter, in coloured 
varieties, have a considerable range, and may have their densities 
determined in a difiPdsion-column side by side with known 
mineral indexes. These indexes, beads being the most con- 
venient, float in the diffusion-column at levels corresponding to 
their specific gravities ; hence the density of any mineral frag- 
ment dropped into a column may be found by measuring off the 
distance between two known indexes which lie respectively 
above and below it, and also measuring the distance of the 
mineral from one or other index. The matter is merely one of 
simple proportion, and the same column can be used for many 
fragments, and in experiments extending over several days. 
Mr. La Touche has devised an accurate mode of measurement, 
by drawing a thread horizontally across both a graduated mirror 
at the side of the tube and the tube itself; this thread is carried 
by a sliding piece of metal, fitting round the wooden support in 
which the test-tube is fixed. The graduated mirror is fixea verti- 
cally on the support at one side of the tube, and the position of any 
object in the liquid is read off by making the thread coincide with 
the centre of gravity of the object, the reading being given by the 
division cut by the thread when the eye views it as coincident 
with its reflection in the mirror. The note in Nabwre referred to 
contains figures which will show the details of construction. In 
many cases a millimetre-scale, held by the hand against the side 
of the tube, will suffice as a means of measurement. 

Pro£ Sollas points out that even gelatinous precipitates, if 
left long enough in the liquid, will lose their water and will 
sink to their proper level. 



CHAPTER IV. 

BIMPLB TB8TS WITH WBT RliAGBNTB. 

Thb test of solubility in water may be important in agriculture, 
where mineral salts of potassium are applied to the land. The 
taste of some minerals, as rock-salt, nitre, Ac, is characteristic. 

The test of solubility in acids has been very freely applied to 
piinerals, though with results varying according to the strength 
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of the acid, the temperature employed, and the time allowed for 
the attack. Hydrochloric and sulphuric adds are those most 
commonly required; nitric add may be useful if to hand. 
Various forms of stoppered bottles enclosed in cases with screw- 
caps have been devised to meet the requirements of the traveller. 
It is well not to keep a small sulphuric acid bottle too well filled, 
on account of the highly hygroscopic character of the liquid. 

The mineral to be tested shoula be roughly powdered and 
placed in a small test-tube, a few drops of add being poured 
upon it. Water should be added, since solution does not always 
take place in the concentrated acid. The results may be noted 
both in cold add and after boiling. In all cases the time of 
immersion in the add and the other conditions of the experiment 
should be noted where comparison is desired. As these fitcts are 
rarely stated in books on mineralogy, typical and known 
specimens should be compared with the doubtful one under the 
same conditions. Should complete solution take place, further 
qualitative tests mav be applied. 

Some silicates are decomposed by boiling in hydrochloric acid, 
particularly those that are hydrated or with a low percentage of 
silica. The silica separates either in a powdery or a gelatinous 
condition, the jelly of silidc hydrate being often well seen after 
partial evaporation and cooling of the liquid. The mass clings 
to the test-tube, but may be removed by boiling with a strong 
solution of sodium carbonate. 

Qood examples for observing this gelatinisation are natrolite, 
nepheline ^or elieolite), wollastonite, and ilvaite. The great ma- 
jority of olivine cryst^ds also gelatinise easily, and may be thus 
distinguished from pale pyroxenes, which are not decomposed. 

But it must be remembered that the greater number of natural 
silicates are not decomposed by adds. In such cases it is neces- 
sary to determine the silica as stated on p. 63. 

The commonest and most important use to which acids are put 
by the geologist is, however, in the examination of carbonates. 
A free effervescence occurs, carbon dioxide being given off, 
when a carbonate is placed in hydrochloric acid. The acid 
should be slightly diluted, and in many cases must be heated 
before the reaction will take place. Sulphides of certain metals, 
as zinc, lead, and iron, are decomposed similarly with evolution 
of bubbles of sulphuretted hydrogen; but, provided the mineral 
examined be itself free from included sulphides, there is little 
danger of any confusion being caused. The smell of the sul- 
phuretted hydrogen is, moreover, noticeable, even among the 
fumes of the hot acid. 

3 



Digiti 



ized by Google 



34 TBSTS WITH WET RBAGB2n?S. 

The use of the acid-bottle in the field itself is very limited, 
owing to the occurrence of dolomite and other carbonates which 
do not effervesce until heated. Dolomite is thus ofben over- 
looked, and some hard dolomites have even been regarded as 
quartzites on account of their non-effervescence in cold acid. 

In 1877 Dr. H. Carrington Bolton read a paper urging the 
use of organic adds in the examination of minerals,^ and in this 
and subsequent publications he has described a series of very 
successful experiments, showing that in particular citric, tartaric, 
and oxalic acids effect decompositions for which hydrochloric 
acid has generally been thought necessary. Citric acid may 
thus be carried about in a solid form, a saturated solution in 
cold water may be made at any time, and the ordinary tests for 
the presence of carbon dioxide, or sulphur in certain sulphides, 
may be performed with this, hot or cold, in a test-tube. Some 
silicates are decomposable, with or without gelatinisation, and 
in many cases the solution does not require to be heated. 
Ordinarily a rather longer time must be allowed for the action 
of the acid than is the case with hydrochloric acid. 

Dr. Bolton has tabulated his results with citric acid, which is 
the most useful reagent;! he employs also a boiling solution of 
citric acid to which sodium nitrate is added, and imitates the 
reactions of hydrochloric acid by introducing iodine in the form 
of potassium iodide, which is decomposed by the hot citric acid.| 
The value of these results obviously consists in the fact that the 
reagents are solid, and are dissolved only as required. 

From the series of minerals examined we may quote the 
following : — 



Decomposed in Fine Powder by a Saturated ScltUion of Citric Acid, 

A. Without evolution of gas, — Brucite (cold solution). Gypsum 
(on boiling). 

B. With evolution of carbon dioxide, — Oalcite and aragonite 
easily in cold solution; dolomite and ankerite fiur less easily; 
chalybite and magnesite only on boiling. It must be noted 
in testing for carbonates with hot citric acid that the oxides 
of manganese (hausmannite, pyrolusite, manganite, psilo- 

*" Application of Organio Aoids to the Examination of Minerals," 
AnwHa^ew York Acad, of Sciences, voL i. (1879), p. 1. See for this and 
later work Chemical News, vols, xxxvi., zxxvii., and xliii. 

t Chemical News, vol. xliii. (1881), p. 40. 

X See also Chemical News, vol. xxxviii. (1878), p. 169. 
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melane, and wad) evolye carbon dioxide by decomposition of 
the citric acidj but the character of these minerals is not likely 
to allow of confusion with carbonates. 

C. WUh evohUion qf mlphfwreUed hydrogen. — ^Galena, zinc- 
blende, and pyrrhotine, in cold solution. Iron pyrites resists 
until boiled with citric add and sodium nitrate, when it readily 
decomposes, whether in the cubic or rhombic (marcasite) form. 
Copper pyrites requires similar treatment. 

£>. With aepaircOion of silica. — Nepheline, analcime, stilbite, 
and wollastonite yield mlica in a cold solution (long standing is 
desirable), becoming partially decomposed; natrolite and hemi- 
morphite are decomposed with gelatinisation. Serpentine and 
ilvaite are decomposed only on boiling, without gelatinisation. 

Olivine, augite, epidote, almandine, and hornblende (slightly) 
have been decomposed by boiling the solution and adding potas- 
sium iodide. 

E. Among the mmertiU that ofte not decomposed by the above 
attacks, we may quote diopside, asbestos, zircon, idocrase, zoisite, 
the micas, leucite, sphene, talc, the felspars, barytes, celestine, 
and anhydrite. 

In testing for ordinary limestones in the field itself we find 
that a little of the powdered citric acid may be shaken from a 
tube upon the rock-surface ; an area about an eighth of an inch 
square is ample for the purpose, though of course the test should 
be applied to different portions of the same mass. The addition 
of a drop of water produces almost immediate effervescence if 
the material is truly calcite. The bubbles formed can be 
observed with the lens or the eye alone. In the case of loose 
friable rocks such as chalk the reaction is very brisk ; but with 
crystalline marbles a minute or so should be allowed. It is 
clear that in rough hill- work it is better to carry a flask of water 
and the dry citric acid than to risk the fracture of a bottle of 
hydrochloric acid in the pocket. 

Just as, by the aid of the blowpipe, the geologist is accustomed 
to perform many qualitative operations with a very limited 
supply of material, so a number of wet reactions familiar to the 
chemist may be repeated upon quite a microscopic scale (see 
Apatite, p. 67). Decomposable compounds of calcium may thus 
be treated with hydrochloric acid upon a microscopic slide ; the 
addition of a drop of sulphuric acid to the solution throws down 
crystals of gypsum in radial bunches or still more characteristic 
forms, which can be examined at once under the microscope. 
Microchemistry has, indeed, become a special study, and will 
greatly facilitate the determination of the minute fragments 
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with which a geologist is often called upon to deal. But for 
detailed accounts of the various methods put forward, the student 
may best refer to A Manual of Microchemical Analysis^ by Prof. 
H. Behrens^ with historical introduction and references to 
previous literature, by Prof. Judd (Macmillan & Co., 1894). 
Many of the processes are rendered more difficult than would at 
first appear by the great care that must be taken as to the purity 
of the reagents used. 

Two tests of especial advantage to geologists have been 
introduced by Messrs. Meigen and Lemberg respectively. The 
former* distinguishes aragonite from calcite oy boiling the 
powdered mineral for a few minutes in a dilute solution of cobalt 
nitrate. Aragonite precipitates lilao-red basic cobalt carbonate, 
while calcite remains white, or turns yellowish if organic 
matter is present. Witherite and strontianite behave like 
aragonite; magnesite gives no reaction. Apatite gives a blue 
precipitate. 

Lembergt dissolves 4 parts of aluminium chloride in 60 parts 
of water, and adds 6 parts of dry logwood. Digest and stir for 
25 minutes. Filter the solution thus produced, which is coloured 
a rich violet by the hematoxylin. Small fragments of calcite 
left for six or seven minutes in this solution, and then washed 
with water, are seen to have become violet, through the deposi- 
tion of aluminium hydrate, which takes up the hsematoxylin dye. 
Dolomite, on the other hand, remains colourless, and, even after 
ten minutes, shows only a few blue spots. J3rucite remains 
similarly very little altered. 

• CenircmaUfikr Mm,, &c., 1901, p. 677. 

t Zeitschrifi der deuUch. geol. OeaeU., Bd. xi. (1888), p. 367. 
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CHAPTER V. 

EXAMIKATION OF MINERALS WITH THE BLOWPIPE. 

I. Apparatus and Reagents. 

No geologist can consider himself equipped for determiDative 
obserratioDS until he has systematically examined a series of 
typical minerals with the blowpipe and with associated tests. 
The instruments and reagents required are few and simple, and 
may be had from chemical dealers packed into boxes of very 
moderate size. For purely qualitative determinations, such as 
are here described, the following apparatus will probably be 
found sufficient :— 



A. Apparatus. 

Blowpipe. — Black's form in brass, with its conical tube, or 
preferably Plattner's, in which the parts are usually better 
made ; both are convenient instruments. Some workera prefer 
an expsinded mouthpiece to the ordinary tubular one of bone ; 
but this is much a matter of opinion. The nozzle is far more 
important than the mouthpiece, and its aperture should be 
cleanly circular and not too large. As sold, this generally 
requires adjustment. The end of the nozzle, whether brass or 
platinum, should be slightly hammered over, so as to contract 
the aperture ; this should again be enlarged by thrusting a large 
pin or needle through it, any metal projecting outwards being 
removed with a file. Examine with the lens, and repeat the 
operation until a perfectly circular opening is produced. The 
size may vary with individual requirements, but probably few 
workers will need an aperture larger than this dot ( • ). 

A platinum nozzle, costing about three shillings extra, may be 
added to any blowpipe, and, besides being clean, can never cause 
colouration in the fliuna 
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Lamps. — Blowpipe-lamps are so convenient, being unencum- 
bered with tubes or taps, that the use of gas in such work is a 
very questionable luxury. Where, however, gas is obtainable, 
the ordinary Bunsen-bumer serves all purposes. The air being 
admitted below, it provides a clean flame for the heating of glass 
tubes and for observing the colouration due to volatile oxides ; 
with the air-holes closed, and the flame reduced to about 1| 
inches in height, it gives a luminous cone that can easily be 
manipulated by the blowpipe. 

A brass tube, flattened at the top and out off obliquely 

(fig. 6), should be dropped into the ordinary Bunsen-tube from 

above, preventing the access of air by surrounding the 

^^ jet where the gas enters, and at the same time giving a 

1 flattened flame above, the blowpipe being directed along 

the slit-like opening. 

Where gas cannot be had, any simple spirit-lamp, or 
the colourless blowpipe- flame, will serve for boiling 
specimens in acid, «fec. The blowpipe-lamp may bum 
oil, and be provided with a screw-cap for travelling. 
The wick should be flat. A small-sized cyclist's head- 
lamp is not unsuitable, as, in its ordinary case, it can 
be kept upright and utilised as a lantern. Olive or 
refined colza oil is recommended for blowpipe work, 
fig. 6. ^7 ^^^ ^^® ^^^ lamps, however, where space is limited 
and things have to be easily stowed away, are those 
filled with grease or solid paraffin. A little cylindrical box of 
tin has a wick-holder soldered on one side, through which a 
flattened wick is drawn. The box is then filled by melting down 
old candle-ends, or in any other convenient way according to the 
materials available. When brought into use, the wick is lighted 
and the flame directed with the blowpipe upon the surfEuse of the 
solid tallow, until this is melted to a depth of about a quarter of 
an inch. The lamp will then become hot enough during use for 
a continuous supply to be maintained \ but it is still better to 
hold the lamp with the pliers over the spirit-lamp until all 
the contents become fluid. When about half or three-quarten 
empty, it is well to drop in extra lumps of fuel — a single candle- 
end or so— during use, and this additional material becomes 
melted up slowly with the rest. The wick must be freely 
supplied with fluid fuel, or it will char and waste away. If the 
lamp is kept sufficiently hot, the wick will not require raising 
during a day's work ; but it can easily be thrust up with a knife- 
point after the flame has been at work for a few minutes. 

A cylindrical cap fits down upon the lamp when put aside, 
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and serves also as a stand for it^ a little stop projecting from the 
side of the lamp and catching on the edge of 
the inverted cover (fig. 7).* More elaborate 
forms of lamp npon the same principle have 
been constructed by various makers. 

In the matter of combustibleSy Mr. Attwood 
makes a valuable suggestion {PracUcal Blowpipe 
Aasayingy p. 7) : — " In some countries — ^the 
interior of South America, for instance — 
alcohol cannot be procured except at a great 

cost; but as crude spirits made from sugar- 

cane, ^., are generally plentiful in such places, Fig. 7. 

they afford the explorer a good substitute for 
alcohol as well as oil, owing to the presence of more carbon than 
pure alcohol contains. The spirits, however, contain some water ; 
and afler the fuel is about one-half consumed it is best to empty 
the lamp and fill again with fresh spirits." t 

Platinum Wire. — Twelve inches or so of wire should be kept 
on hand if much work is undertaken, as it is liable to suffer from 
the formation of fusible alloys. It should not be so thin as to 

tremble in the hand, nor yet thicker than this line , so 

that it may not conduct away the heat too freely from an assay 
supported on it. One end may be twisted round in a coil to 
serve as a handle, or pieces 5 centimetres or so long may be 
fused into handles made of glass rod. 

A strip or two of platinmn foil, 5 centimetres by 2, may be at 
times useful as a support during fusions ; and a spoon of the 
same metal, like a tiny crucible, which can be held in the for- 
ceps by a projecting tongue, forms a handy accessory, though a 
luxury. If the platinum, after use, does not become cleaned by 
hot water or acid, a little bisulphate of potash should be fused 
upon it, and dissolved off in hot water, leaving a perfectly clean 
Bur&ce. 

CharcoaL — This is used as a support for assays and as a reagent 
for their reduction. K ordinary charred wood is used, it should 
be cut into convenient prisms some 10 centimetres loug, with a 
section 5 cm. square. It should give little ash, and should not 
be liable to split and crack suddenly during heating. Fine wood 
is preferred. The best supports are made by rubbing up finely- 
powdered charcoal in a mortar with fairly thin starch paste, 
made with boiling water, until a stiff mass results. This can be 
moulded before drying into any suitable shape. The support, 

*ThiB simple lamp is supplied with the blowpipe -cabineta of J. T, 
Letcher, Traro (or Baird k Tatlock, London), and is sold separately for lOd. 

t Excellent work can be done with an ordinary candle, eapecially if the 
fiame is directed horizontally, and not down upon the tallow. r^ ^^^T^ 
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when dry, is heated just to redness in a crucible, to char the 
starch cement. 

Good blocks prepared in this way, and of the size above given, 
can be purchased of chemical dealers. Small cup-like supports, 
which are sometimes called "pastilles," can be made by pressing 
the material with a round-ended stick into a basin-shaped hollow, 
about 2 cm. in diameter, cut in a block of wood. Plattner 
recommends that both the mould and stamp should be rubbed 
over with charcoal dust, and that a strip of paper be laid in the 
mould to ftusilitate the removal of the cup when made. The 
little charcoals thus prepared can be easily dried and ignited, 
and can be supported in the flame on a ring of stout wire when 
finally brought into use. Where, however, encrustations have 
to be looked for, forming at any distance from the assay, a pro- 
longation of the charc<^ is required, on the cool surface of 
which they may be deposited. Thus in the case of arsenic it is 
well to have several inches of charcoal beyond the point where 
the specimen is being heated. The long blocks already men- 
tioned are here of advantage ; but a support of unglazed poroelain 
is sometimes used, the " pastiUe ** being placed in a depression 
at one end of its upper suHace. This sur&ce is smoked over by 
the flame of the lamp, and serves admirably to receive the 
encrustations. The great advantage of this method is that any 
reagents absorbed cannot contaminate the charcoal used in sub- 
sequent work. The little cup is thrown away when done with, 
and a clean one set in its plaice. Larger charcoals must be cut 
or filed away until a reliably clean surface is restored. 

Ross's aluminium plate, 10 cm. by 5 cm., and 1 mm. thick, is 
also used as a support, the lower end being turned up at an angle 
of 80* to carry the little charcoal, and the longer part receiving 
the sublimate. Many of the encrustations thus seen are far more 
vivid than on the suiface of charcoal. The plate can be cleaned 
with a wash-leather, bone-ash, and water.* 

Forceps. — A pair of steel forceps with platinum points is 
practically indispensable, so made as to be self-closing. A light 
pressure on the sides, at some distance from the heated end, 
should suffice to separate the points. Splinters are held in these 
when fusibility is being tested ; but metallic-looking substances, 
or any suspected of containing arsenic, antimony, lead, zinc, or 
bismuth, should never be heated in the forceps, lest the platinum 
tips should become fused. Small glass tubes can generally be 
gripped by such forceps when placed behind the platinum points. 

Magnet. — Any small bar form. 

Anvil and Hammer, or Steel Cm8hing-Mortar.~A little square 

• Dr. Haanel has uaed plaster Of Paris plates, the adTantagea of 
which are desoribed on p. 65. C^ r^r 
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anvil of polished steel and a light steel hammer are required for 
breaking up minerals prior to the transference of the particles 
to the agate mortar for final grinding. A cylindrical steel 
mortar with accurately fitting pestle is of course still more 
convenient; but most cases of difficulty are met by the 
arrangement supplied with Letcher's blowpipe-cabinets. The 
mineral fragment is laid upon the anvil; a little steel ring, 
about 7 mUiimetres deep, is placed round it, corresponding to 
the wall of the crushing-mortar ; and a cylindrical pestle, fitting 
into this, is hammered down upon it. 

Agate Mortar and Pestle. — A good size is 5 cm. in diameter. 
The pestle may be mounted in a wooden handle, as the agate 
itself is likely to be small for the hand. 

Pliers. — Steel pliers are often useful for detaching fragments 
from specimens where the blow of a hammer would be disastrous. 
A cutting edge is also of value. 

File. — A small file, triangular in section, is required to cut 
up glass tubing and for certain observations on hardness. 

Glass Tubing. — This is sold by the pound, and should have a 
bore of about 5 millimetres. It should not yield too easily to 
the flame. It is cut up into pieces some 12 cm. long, by 
notching it with the file and then breaking it across. Some of 
these pieces are kept as open tubes. To make closed tubes, hold 
one end of an open tube in each hand, and bring the centre into 
a Bnnsen-flame or that of a spirit-lamp. When this part is 
thoroughly softened by the heat, draw apart the two ends, and 
two fairly regular closed tubes will result. The closed ends of 
these must not be knotty or thickened, or they will crack on 
being again brought into the flame. It is seldom worth while to 
spend much time in the elaboration of a bulb on a closed tube, 
since a heavy sublimate or the fusion of the assay into the glass 
will render it useless for other experiments. 

Glass Bod. — ^A few pieces, of a size that will fit down into the 
tubing. The ends should be rounded in the Bunsen or blowpipe 
flame. 

Test-tabes. — ^Taste differs as to the si2e of these, but 1 cm. is 
an ample diameter. In the absence of a proper stand, they can 
always be kept upright in a gallipot or wide-mouthed bottle. 
They are used for tests with wet reagents. 

Watch-glasses. — In the absence of these, circular palettes from 
a colour-box* are useful. Reactions with wet reagents, where the 
behaviour of the mineral particle has to be observed, are often 
best conducted in these vessels. They serve also as clean 
receptacles for specimens and reagents that are set out for 
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immediate use. A cheap double concave lens is rather an im- 
proyement upon the ordinary watch-glass, since it will stand 
firmly, and either surface can be used. 

Porcelain Dishes. — Two or three, about 3 cm. in diameter and 
fairly deep, made to resist heat. They should stand without 
su[>port, and are invaluable for treating minerals either in boiling 
or cold acid. For travelling they are far superior to beakers. 

Blue Glass. — Three 2-inch squares of cobalt glass, of different 
thicknesses, are required for observing some flame-colourations. 
A wooden block of sufficient height, with a groove at the top, 
will support the glass between the eye and the flame, and leave 
both hands of the operator free. 



B. Reagents. 

Borax. — Powdered crystals. 

Microcosmic Salt (hydrogen sodium ammonium phosphate). — 
Powdered crystals. These two dry reagents are used as fluxes 
on platinum wire, characteristic colours being imparted by many 
metallic oxides to the glass formed on fusion. 

Carbonate of Soda. — Powdered crystals of the dry carbonate. 
They must be free from sulphur (see Sulphur test, p. 57). Used 
to effect fusions and reductions on charcoal, and as a test for 
manganese. 

Nitrate of Cobalt. — ^A solution of the crystals in 10 parts of 
water, kept in a stoppered bottle. Drops can be taken out with 
a glass rod or a tube drawn out as a pipette ; or a little glass bulb - 
can be made, with a narrow neck. This bulb is heated and the 
neck placed beneath the solution, a little of which enters; on 
reheating, so as to convert the water present into steam, and 
again immersing the neck, the bulb becomes nearly filled. When 
held inverted in the hand, the air within expands and forces out 
the liquid in convenient drops (Brush, Determinative Afinerahgy). 

Hycbrochloric Add. — Concentrated, in stoppered bottle. 

Sulphuric Acid. — Concentrated, in stoppered bottle. Dilution 
must be performed carefully, owing to the heat evolved. 

In use, a little of each of these acids must be poured out into 
watch-glasses or beakers, since wires, &a, have to be dipped in 
them, and the main store in the bottle must be left absolutely 
uncontaminated. This precaution is very simple, but a warning 
on the point is often necessary. 

Tin-foil. — Used to facilitate many reductions, both in borax 
and in hydrochloric acid. 
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Copper wire (some workers use oupric oxide). — Used in 
testing for chlorine, owing to its combination with the copper 
and the colour consequently imparted to the flame. 

The following reagents are less important : — 

Potasflinm Bbulphate (KHSO4). — Powdered crystals in stop- 
pered bottle. Used in some fusions. 

Fluor-spar. — ^Powdered. Mixed with the above in testing for 
boron in the flame, but of doubtful yalue. 

Magnesiumd — ^The ordinary magnesium tape or wire. Used 
in testin^^ for phosphorus. 

Potassium Iodide and Sulphur* — A mixture of equal parts. 
Used on charcoal in discriminating between the encrustations 
due to lead and bismuth. 

Silver Chloiide. — Used to intensify some flame-colourations. 

Gold. — In small beads* For deteimining nickel in presence of 
cobalt. 

Nitric Acid<— In stoppered bottle. 

Ammonium Molybdate. — Dissolved in ammonia and added to 
dilute nitric acid. Fresenius gives the proportions : — Ammonium 
molybdate, 10 grms. ; ammonia, sp. gr. *96, 40 cc. ; strong nitric 
acid, 80 cc. ; water, 80 co. For detection of phosphates. 

Bone-ash. — ^For use in cupellation (p. 66). 

Fuel for the lamps must not be neglected when travelling. 



0. Works on Blowpipb-Analtsis. 

6. Attwood. Praotioal Blowpipe Assaying. Sampson Low k Go. , 1880. 

G. J. Brush. Manual of Determinative Mineralogy. Wiley k Sons, 
New York; Chapman k Hall, London. 16th edition, 1905. (A re- 
markably dear, concise, and valuable work, now without a rival. ) 

VoM KoBXix. Les Min^ranz (French edition by Pisani). Rothschild, 
Paris, 1879. (A book for the pocket, embodying much information. ) 

PLATnrxB. Qualitative and Quantitative Analysis with the BloMrpipe. 
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II. Blowpipe -Operations. 

A. Pboduotion of the Blowpipb-Flame. 

Distend the cheeks and breathe in and out as usual hj the 
nose. Now place the blowpipe between the lips, or the trumpet 
mouthpiece against them. Some of the expired air will pass out 
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by the tube, under pressure from the tension of the cheeks, and 
the remainder will pass out through the nose. At short inter- 
vals the cheeks must be re<listended in order to maintain the 
pressure. In this way a continuous blast can be kept up with- 
out interfering with the ordinary action of the lungs. Practice 
is all that is necessary ; most of the difficulties that at first occur 
are caused by the endeavour to force all the expired air out 
through the blowpipe instead of by its natural exit, and by 
allowing the cheeks to fall in too fistr, so that a sudden distension 
becomes necessary and the blast is momentarily checked. 

It is necessary in some reductions to maintain a blast for two 
to three minutes, but seldom longer, and, when the habit ia 
once acquired, time makes little difference ; but saliva is apt to 
accumulate in the bottom of the blowpipe during long blowing, 
and the expanded part there must occasionally be emptied. In 
Fletcher's hot-blast blowpipe, where the tube bearing the 
nozzle is coiled round so as to become heated above it in the 
upper part of the flame, all moisture is converted into steam 
before it can reach the orifice. This form of blowpipe is par- 
ticularly adapted for effecting fusions and oxidations, but the 
hot sur&ce of the tube is sometimes an inconvenience when laid 
upon the table. 

For persons whose breathing is in any way affected, a hand- 
bellows may be necessary, such as that made by Fletcher of 
Warrington, which is a reproduction in miniature of the well- 
known foot-bellows, and gives a good continuous blast But for 
travelling purposes and allowing the operator every delicacy of 
control over the flame there is little doubt that the mouth- 
blowpipe is the best. 

When the blast can be produced without effort, place the 
nozzle just outside the flame of the lamp, directed along the 
wick or the slit-like orifice of the gas-burner, and almost resting 
upon it The flame should be about 1^ inches high above the 
burner. Blowing somewhat gently, so as not to force in too 




Fig. 8. 

much air, the flame will be carried out sideways, preserving in 
part its luminous character. It may be broadly regarded, in 
ikct, as a luminous inner cone (a, fig. 8) surrounded by a thin 
envelope of more highly heated and oxidised matter. A body 

Digitized by VjOOQIC 



■ZAMIKATION WITH THB BLOWPIPE. 45 

placed well witlun a is cut off from oontaot with the outer air, 
and jet, if brought near the point, becomes highly heated The 
result IB its redtLctum, the glowing carbon by which it is sur- 
rounded largely assisting in the remoyal of any oxygen it may 
contain, although the heat must be sufficient to prevent the 
deposition of soot upon it. The flame thus produced is the 
Reducing Flame, designated by long tradition by the letters R. F. 

Next place tdie nozzle some little distance inside the lamp- 
flame and blow more strongly. The luminous cone is shortened 
and almost disappears, enough air being supplied to eflect the 
oxidation of the glowing carbon compounds. The outer envelope 
now assumes importance, forming a long almost invisible cone 
(6, fig. 8), which is the Oxidising Flame, or 0. F. A body placed 
at the point of this, or, if the heat is sufficiently strong, out 
beyond its visible termination, becomes heated in contact with 
the air, and consequently takes up oxygen according to its 
affinities. The flame must be hot enough to dissociate most 
sulphides, which become thus converted into oxidea Such a 
process is known as " roasting." * 

If mere heat is required, as in the determination of fusibility, 
the nozzle is placed as in the production of the oxidising flame, 
but the substance is* held inside the blue point of the visible 
flame, since here the highest temperature occurs. This position 
may be styled the Fusion-place (below the i in fig. 8). 



B. Observation op Fusibilitt. 

The ease with which a substance fiises must depend greatly 
on the strength of flame employed and on the skill of the 
operator, as well as on the size of the fragment employed. Hence 
it iH necessary for each worker to be in the habit of using 
splinters of similar size and shape, comparison being then possible 
between the results gained by himself from diflerent substances. 
The product, after heating, must always be examined with the 
lens, and any change of colour, transparency, i&c, also noted. 
For most purposes, the following broad observations and state- 
ments suffice: — (a.) Fusible in the unaided flame of the lamp in 
fairly large (or small) fragments ; (6.) fusible before the blowpipe 
(6£) with easy formation of a globule; (c.) fusible h B with easy 
rounding of the edges ; (cL) fdsible i B in splinters only ; (a.) 

* To test the R. F. a borax bead strongly coloured with manganese 
Bhonld be rendered colourless; in a good 0. F. a borax bead containing 
mach molybdenum should also become colourless (see p. 01). 
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fusible 6 B on the edges of thin splinters only ; {/.) infusible 
b B, even after prolonged heating. The specimens are held in 
the flame in the platinum forceps or in a tiny loop of platinum 
wire, through which a wedge-shaped splinter may be slung. 
The fusion-place is used. To facilitate comparison with typical 
minerals, von Kobell proposed the well-known Scale of Fusi- 
bility. The six degrees are formed by : — 

1. Antimonite (the most easily fusible member of the scale). 

2. Natrolite. 

3. Almandine (common) Garnet 

4. Actinolite. 

5. Orthoclase. 

6. Bronzite. 

A good blowpipe-flame should fuse the tips of thin splinters 
of bronzite into tiny globules. Degrees 1, 2, and 3 correspond 
respectively to the verbal descriptions a, b, and e, given above ; 
4 and btod; and 6 to 6. 

Dr. Joly, working with his beautiful ''meldometer," has criti- 
cised this scale when applied to powdered minerals ; and it no 
doubt stands in the same position as the scale of hardness, with 
its highly irregular intervals {Proc, E. Irieh Acad.^ ser. 3, 
vol. ii., p. 39). 

It must be remembered that the substcmces styled by the 
mineralogist infusible are mostly fusible with ease in the flame 
of the oxyhydrogen blowpipe. 

H. B. de Saussure * made a number of determinations, nearly 
a century ago, of the fusibility of minerals in minute grains. 
As a support he used a little splinter of the infusible mineral 
kyanite, which was fixed in a glass tube by fusion of the latter. 
He moistened the fibrous end of this splinter with saliva or 
slightly gummy water, and picked up several granules to be 
tested at a time, since some would be apt to fly off at first con- 
tact with the flame. He examined the product of fusion with 
the microscope, and claims to have fused a fragment of rock- 
crystal -005 of a line in diameter and -06 of a line long by the 
use of a stout candle and a blowpipe supplied with ordinary air. 
He compared the diameters of the globules that he could pro- 
duce by the fusion of various minerals and of the members of 
Wedgwood's pyrometric scale, being driven to these minute 
experiments by the dearness of oombiutibles in his city. Find- 
ing that some bodies, such as calcite, gypsum, and fluor-spar, 
acted on and destroyed the kyanite, he supported these on a 

* *<Noavelle8 recherohes rar I'usage du ohalumeau dans U Mindralogi«^* 
Jeum, de Physiqw^ t. zlv. (1794). d. 2. 
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spliBier broken from the specimen under examination. He 
proposed, howeyer, to study the interaction of one mineral on 
another by using a support of the one and a granule of the other. 
Cordier subsequently utilised this method by fusing two grains 
of different kinds placed in contact on the kyanite support. 

Though the elaborate detail with which the comparisons of 
De Saussure were carried out proved an obstacle to the deyelop- 
ment of his method, Cordier speaks very highly of it as a means 
of studying small isolated grains. We refer to it here as an 
example of the practice of the earlier observers, and as an 
encouragement to those who may regard the possession of 
platinum wire and a Bunsen-bumer as a necessity rather than 
as a luxury in determinative work. 

Dr. 0. Jjolter,*^ working with Le Chatelier's pyrometer, shows 
that most rock-forming minerals fuse between 1000* and 1300^. 
A. Brunt gives 1200* to 1900* for common silicates. 



0. Observation of Flamb-Ooloubation. 

Many volatile substances impart characteristic colours to the 
flama The observation should be coupled with that of fusi- 
bility, but a negative result is not conclusive. Should no colour 
be thus seen, the splinter, or its powder on a moistened wire, 
should be dipped in a drop of hydrochloric acid specially placed 
out for this purpose, and again be introduced into the flame. 

Oompounds of phosphorus and boron are best treated with 
sulphuric acid. Silver chloride, mixed with the powder of the 
specimen, is useful to intensify some reactions, notably those of 
copper compounds, the blue flame due to copper chloride 
becoming at once apparent Gypsum may similarly be used 
with certain silicates, which become decomposed when heated 
with it^ the metals present being rendered volatile in the form 
of sulphates. 

Often the assay must be held just in the edge of the flame, 
and not brought too far within it. The colouration is sometimes 
transient, sometimes intensified upon long heating or fusion. 
When a Bunsen-bumer is used, the colours are better seen, the 
assay being held on platinum wire or in the forceps near 
the base of the flame and at its margin. Often a little of 

* TtehermaVs MiU., Bd. xx. (1901), p. 210. 

t Arch, Sei, phy$, et nat, de Oenhje, 4e. s^r., t. xiii,, p. 352. 
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the powder scattered through the flame giyes an unmistakable 
reaction. 

Precautions, — A black background, such as a charcoal block 
or a book-cover, should be used, lest £Eiint-green and blue coloura- 
tions should be overlooked. 

The forceps or wire must give no colour when held alone in 
the flame. They can be cleaned by dipping in hydrochloric acid 
and heating until they have no efiect on the flame. 

The acids used must give no colour, beyond, perhaps, the 
transient yeUow of sodium, which is scarcely to be avoided. 
The wire must never be dipped into the acid-bottle, but drops 
must be set out for use. 

When a Bunsen-bumer is used, the table must not be jarred 
nor the brass tube touched or disturbed, since the large surface 
of the flame at once becomes coloured by foreign bodies thus 
projected into it. 

The flame-colourations to be looked for are as follows — ^those 
given by rare substances being omitted as foreign to the practical 
purpose of this book. The metal indicated by the reaction is 
given in italics after each : — 

Crimson, approaching Purple. Lithium. — ^Appears when the 
assay is on the very margin of the flame. 

Crimson, of Yellower Tinge. Strontium. 

Red to Tellow-Red. Calcium. — Often similar to that of stron- 
tium, other tests distinguishing the compounds of these metals. 

Tellow. Sodium. — So prevalent that a strong persistent flame 
can alone be regarded as satisfactory evidence of its presence as 
an essential constituent of the assay. 

Yellow-Green. Barium or Molybdenum, 

Bright Emerald Green. Copper. — A blue inner flame appears 
when hydrochloric acid has been used. 

Bright Green. Boron. — Appears when the assay is on the 
very margin of the flame. Sulphuric acid must be used. Borax 
is a good example. 

Dull Green, inconspicuous. Phosphorus. — Sulphuric acid should 
be used, and the flame carefully observed on the entrance of the 
assay. 

Bluish- Green. Antimony (often smoky). Tdlurium (rare). 
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Blue. Lead^ Selenium (rare), or Copper Chloride, — The last 
gives the green of the oxide beyond and round it. (See 
"Chlorine," p. 61.) 

Light Bine, smoky. Areenic, 

"^olet. Potassium. — This flame is very easily masked by 
sodium, and entails in most cases the use of the blue glass. 
Where potassium is suspected, a blue glass, or a combination of 
glasses, is selected, that will out off the purple tints given by a 
strong sodium flame, such as can be made for trial with sodium 
carbonate. The glasses commonly supplied are far too thin; 
5 mm. is a good thickness. The glass is then held between the 
eye and the flame that is to be tested, and the reddish-violet 
tinge due to potassium may be observed through it, particularly 
when the assay has become thoroughly heated. If lithium is 
also present, the colouration due to it may be transmitted, but 
can be cut off by a comparatively small thickness of blue glass. 
In ordinary work no confusion is likely to result, potassium 
being for more prominent in the minerals commonly met with 
by geologists. For the intensification of potassium flames by 
gypsum or sodium carbonate, see pp. 83, 85. 

Finally, some minerals may give double flames, as pyromor- 
phite, which shows a blue flame surrounded by a green envelope ; 
or borax, which reveals sodium when heated alone, and the green 
of boron with sulphuric acid. 

D. Bbactions IN Beads of Borax. 

Shake out a little borax into a watch-glass. Bend one end of 
a dean platinum wire into a small loop not larger than this, O, 
heat it, and dip it in the borax, some of which will fuse and 
adhere to it. On further heating, the borax will swell up, fuse, 
and settle down on the loop as a clear globule. Let this cool 
and hold it up to the light ; if any colouration is visible in the 
bead thus made, the wire must have been insufficiently cleaned. 
A light blow between the hammer and anvil will break out the 
bead; a new one must be formed and shaken ofl" when hot, 
probably carrying with it any residual impurities. The third 
bead now made will be periectly colourless. 

After inspecting the bead, fuse it again and take up a small 
quantity of the powdered assay, by touching it with the hot bead. 
Heat in the oxidising flame in full contact with the air for about 
the time occupied in counting fifty distinctly ; then remove it 
and hold it up to the light. Note, after the first red glow has 
gone off*, any colour while hot, and whether any change take8v|^ 
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place on cooling. Write the result on paper for reference as the 
reactions accumalate. 

Now place the same bead in the reducing flame and heat for 
at least as long a time. The practice of silently counting during 
such operations is a useful one, as ensuring a &ir similarity of 
conditions in. examining different substances, and as a check to 
careless hurry. The results when hot^ cooling, and cold should 
again be noted. 

If any doubt remains, the bead can be again oxidised and 
re-examined. If the reaction ia feeble, more powder must be 
added ; if the bead is dark and opaque, it can be flattened out 
when still hot between the agate pestle and the edge of the 
mortar, when it firequently becomes transparent If clearly too 
much material has been picked up, part of the bead must be 
shaken off when hot and pure borax substituted. 

As already hinted, compounds of arsenic, antimony, lead, ^., 
will destroy the wire, and in some cases the bead must be treated 
in a little hollow of a charcoal support ; it must then be pinched 
up while hot, and its colour thus examined. The addition of tin 
aids some difficult reactions in RF. The bead is fused on 
charcoal, and the comer of a strip of tin-foil is 4ipped into it, a 
little being thus melted off. The tin combines with the oxygen 
of other metals present, and the reduction is carried farther tnan 
by the flame alone. 

Two or even more metals capable of colouring the borax glass 
may exist in the same assay. Hence the worker must be pre- 
pared for mixed colours, such as a green in the case of cobalt 
and iron, &c. Such colours are particularly noticeable in the 
hot bead, as also are those due to constituents present in small 
quantity. 

PreeatUiona. — The wire must be dean and give no colour to 
the pure borax. 

The bead must be small, so as to be completely enyeloped 
during reduction. 

The powdered assay must be added in small quantity, and 
increased until it is clear that no good reaction is obtainable. 

Sulphides and arsenides should be roasted on charcoal before 
use in borax. 

The reactions that are commonly met with and can be fully 
relied on are here given. Many substances give beads that are 
yellow when hot and colourless when cold, or make opaque 
porcellanous beads when added in larffe quantity; but their 
constituents can usually be recognised by other and better 
means. 
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BEADS OF BORAX. 



Colour in O.F. 


Colour ik R.F. 


Indication. 


Brown (Violet when 
hot). 


Greyish on long re- 
duction. Colourless 
with tin. 


Nickd. 


Yellow (Red when 
hot). 


BotUe-green. 


Iron or Uranium. 


Yellow-green. 


Green. 


Ohromium, 


Blue (Qreen hot, and, 
if a large quantity 
is naed, when cold). 


Briek-red and 

opaque. Well seen 
io yellow Ught of 
lamp. FadUtatedby 
tin, or when a large 
quantity is present. 


Copper, 


Blue. 


Blue. 


OobaU. 


Red-violet 


Colourless (difficult 

with large quantity). 


Manganue. 


Colourless (reqnirea 
good oxidation). 


Brown, often with 
black flecks. 


Molybdenum. 


Colourless. 


Yellow-brown with 

large quantity. 


Tungsten. 


Colourless (YeUow 
hot). 


Yellow to Brown. 


Titantum, 


White and opaque 
(turhid with small 
quantity). 


ColOUrleSSafter some 
time. 


SUver. 



K llEAcrrioNB in Beads of Miorocosmio Salt. 

It is always advisable to confirm the results obtained in borax 
by the use of microcosmic salt, and in many cases, as where 
uranium, iron, titanium, or tungsten occur, these reactions 
are absolutely necessary. While a larger quantity of the 
mineral powder is often required before a good result is obtained, 
the reactions are as a whole cleaner and clearer than those in 
borax. The opaque red of copper in R. F. is, moreover, easily 
produced in microcosmic salt. 

The salt must be picked up on the heated wire in small quantities 
at a time, and fused so as to expel the water and ammonia after 
each addition. The resulting bead drops easily from the wire, 
but any tendency to fall during an operation may be generally 
checked by shifting the wire to the upper portion of the flame. 
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FreecmUom.^The bead must be small and be moved with care^ 
lest it should become detached. 

Larger quantities of the assay may possibly be required than 
in the experiments with borax. 

The other precautions are the same as those given under borax. 



BEADS OF MICROOOSMIC SALT. 


Colour in O.F. 


OOLOUB IK R.F. 


Indication. 


YeUow. 


Yellow (ooburless 
after long reduction 
with Tin). 


Nicka. 


Pinkish-red (requiree 
some quantl^). 


Pinkish -red (re- 
quires some quan- 


Iron, 


Pinkish-red (reqniree 
some quantity). 


Darker or Crim- 
son-red. 


Tungsten cmd Iron, or 
Titanium and Iron, 


Yellow-green. 


Green. 


Uranium. 


Yellow-green (Red 

when hot). 


Green (Red when 
hot). 


(Jhromtum, 


Blue. 


Red and opaque. 


Copper. 


Blue; sometimes 
Violet* 


Blue; sometimes 

Violet 


CobaU. 


Red-violet 


ColoarleSS (easier 
than in Borax). 


Mangos 


Green; rarelyColour- 
less. 


Green. 


Motyhdentm. 


Colourless. 


Blue. 


Tungsten (see above 
for Tungsten and 
Iron). 


Colourless. 


Violet 


Titanium (see above 
for Titanium and 
Iron). 


Milky-white and tar. 
bii 


Colourless (after 
some time). 


SUver. 



F. Examination fob Silica in Bead of Micbocosmic Salt. 
If a minute splinter of a silicate is placed in the bead and heated 
thus for a long period, the silica will still remain undissolved, and 
will be seen floating about as a skeleton retaining the form of the 
original fragment. Some substances, as corundum, rutile, <bc., are 
so slowly soluble that this test must be performed with judgment^ 

* Some samples of miorocosmio salt ^ve violet beads. 
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and upon partioles not bigger than the commas used upon this 
page. At least 200 shouldbe counted during the operation. 

In borax, on the other hand, silica eventually dissolres, in 
common with the bases combined with it. A small portion of 
the silica is said to be dissolved out even in the bead of micro- 
cosmic salt^ but this does not vitiate the observation unless a 
fine powder has been used in place of a properly selected splinter, 

O. Bbaotions in the Glass Tubes. 

A closed tube, prepared as described on p. 41, and dried in the 
flame, is held in the forceps or any convenient clip, and two or 
three fragments of the mineral are dropped into it. No powder 
should be allowed to fall upon the sides of the tube, lest subli- 
mates should be obscured. The base of the tube is heated, gently 
at first, in the spirit-lamp or Bunsen-flame, the blowpipe being 
used if greater heat seems desirable. Any change that takes 
place should at once be noted ; decrepitation, fusion, change of 
colour, dec., may occur ; but the most important reactions are the 
evolution of gas and the formation of a sublimate in the cooler 
part of the tube. The assay may in some few cases become 
thus entirely volatilised ; but a residue commonly occurs, which 
should be examined ; occasionally this proves to be magnetic. 

A tube should then be taken that is open at both ends, and about 
12 cm. long. Afragmentof the mineral isshaken in soas to lie about 
2 cm. from one end, and the flame is allowed to play about this point. 
By inclining the tube, air-currents pass up it of strength varying 
with the slope, and the volatile matter, if any, becomes highly 
oxidised. Gases and sublimates should again be closely observed. 

It is clear that sulphides will be most likely to yield sulphur 
in the closed tube, the product in the open tube being sulphurous 
anhydride (SOj), an invisible gas characterised by its smell. 
Arsenic may appear as a metallic sublimate in the closed tube, 
hut as a white oxide in the open tube. Hence the one test 
frequently confirms the other. Moistened litmus paper may be 
nwd in the mouth of the tubes to test any vapours given off, 
the blue colour taming red with acids. 

Open tubes may often be cleaned out with a pipe-cleaner or 
by simple heating ; closed tubes are seldom worth cleaning. 

Freeautiana. — The upper part of a tube, though dried, must 
not be too hot to receive a sublimate. 

Sublimates must be spread over a finir area, but will sometimes 
overlap on one another. Thus an arsenic mirror and the orange 
sulphide often produce at their junction an effect suggestive of 
antimonous sulphide. 
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BZAMtNATION WtTB THB BLOWPIPtt. 
SUBLIMATES IN THE TUBES. 



Closbd Tubb. 


Opbn Tube. 


Indioation. 


Colourless drops. 


•*• ... 


Water (the tube must 
be weU dried first). 


Bright MetalUe 
"Mippop." 


White, showing min- 
ute sparkling crys- 
tals where thin. 
Garlic odour. 


ArMnic 


Metallic Globules; 

seen to be liquid when 
touched with a rod. 


As in closed tube. 


AitTcwry* 


Black ; red straak 
when end of tube is 
out ofif and sublimate 
is scraped out. 


As in closed tube; 
some S Ot. 


Mercuric Svlphidt. 


Dark-red to Black. 


As in dosed tube. 
Odour of ** decaying 
horse-radish." 


Selenium (rare). 


Dark-red to Black 

(Black when hot). 


Dense White (anti- 
mony oxides); some 
yellow sulphur and 
SO,. 


ArUimonom Sulphide. 


Or an fire (Dark red 
when hot). See pre- 
cautions, p. 51. 


As in closed tube, but 
breaking up into - 
white crystalline 
oxide. 


Areenoue Sulphide, 


Yellow (sometimes 
almost white ; orange- 
red only when hot). 


As in closed tube, but 
soon converted into 
SO,. 


Stdphur. 




Dense White, often 

in part crystalline 
(oxides). 


Antimony, 




Dense White, de- 

posited on lower 
side of tube. (Lead 
sulphate.) 


Lead Sulphide, 




White to Yellow, 

brown when hot. 
(Bismuthous oxide). 


Bismuth, 




White, thin and 
crystalline. (Molyb- 
denum trioxide.) 


Molybdenum. 
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Oertam special reaotiozui in the tubes will be dealt with under 
the head of the substanoes of which thej are characteristia 



H. BsAcmoNS ov Ohabcoau 

(i.) ENCRUSTATIONS. 

A small hole is cut with a knife-point in the charcoal, and a 
little powder of the assay is laid within it. Should it decrepitate 
or fly about, it should be moistened with a drop of water. It is 
then heated in O. F., the remainder of the flame being directed 
along the charcoal or the blackened surface of the support (see 
p. 38). 

The substance may at once deflagrate, indicating the presence 
of a nitrate ; or it may fuse more or less readily ; it may colour 
the flame as in previous operations; or it may glow strongly, 
indicating lime, magnesia, strontia, zinc, or zirconia. 

After heating for some time, a sublimate or " encrustation " 
will frequently form on the cooler part of the charcoal, or close 
under the frixige of the flame, according to the volatility of the 
product Such encrustations are mostly due to oxides, and 
themselyes disappear or shift on being heated in the flame, some- 
times imparting a colour to it. In some cases they are developed 
while the assay itself is being treated in R F. A thin white 
encrustation often appears blue when spread out over the black 
support) and thin yellow ones appear white upon the outer 
border. 

If the encrustation is white, it should be allowed to cool and 
then be moistened with nitrate of cobalt solution droroed on it 
from a rod or pipette. Beheat strongly, counting about 200, 
and set aside to cooL In several cases characteristic colours 
result from the action of the cobalt. No transient colour need 
be regarded, as the strong heating mentioned is essentiaL The 
nitrate of cobalt solution dries flrst to a pink, then breaks up 
and turns black ; but these colours speedily pass off and will 
cause no confusion. The charcoal into which any of the solution 
has sunk must be cut out^ lest future encrustations should be- 
come coloured. It is also necessary to observe whether the ash 
of the charcoal alone gives any reaction with the nitrate. 

As a refinement on ordinary methods, Dr. Haanel * employed 
plaster of Paris plates in place of charcoal, and hydriodic acid as 
a reagent, the encrustations observed being then due to iodides. 
* Tram. R, 8oe. Canada, toL i. (1883), sect. 3, p. 85. 
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The plaster is made into a thin paste with water, and is spread 
out with a knife on a large glass plate to an even thickness of 

tinoh. Groores are ont aoross the plaster, so that it can easily 
» broken, when set, into plates measuring 4 x If inches. The 
smooth sur&oe produced next the glass is used for the encrusta- 
tion, and a small hole is cut in it near one end for the assay, 
which is mixed with hydriodic acid. Messrs. Wheeler and 
Luedeking* use a mixture of 40 per cent, iodine and 60 per 
cent, sulphur added in excess to the assay, which is much 
simpler, and which gives equally striking and brilliant en- 
crustations of metallic iodides on plaster of Paris. 

Dr. Goldschmidtf uses mica or glass plates, resting on the 
charcoal, to receive encrustations. To prevent cracking, the 
latter are heated before use. The sublimate can thus be 
removed, and tested conveniently in the wet way. 

A beautiful example of the oxidation of a metal before the 
blowpipe occurs in the cupellation of lead containing silver. 
The metallic bead is obtained from the ore by fusion with 
sodium carbonate on charcoal, and is removed and cleaned. A 
cupel of bone-ash is then made, about 2 cm. in diameter, being 
shaped in a hollow cut in charcoal, or struck in a mould, such 
as those provided in. Letcher's blowpipe-cabinets. The cupel 
should be gently dried, and supported in a hollow of the char- 
coal The metallic bead is placed on it in a little hollow near 
one side, and is treated in O.F. The lead oxidises, forming 
exquisite iridescent films on the bead itself, and red stains, 
which rapidly grow richer, on the bone-ash beyond. The cupel 
finally absorbs all the lead as oxide, and similarly any copper 
present; and silver, if present, remains behind as a gleaming 
and non-iridescent bead. This process requires some experience 
and repetition ; the detailed account in Plattner's work (English 
edition of 1875, p. 369) shows to what perfection it may be 
carried. 

• Trans. /». Louis Acad, 8ci., vol. iv. (1886), p. 676. 
t Quoted la Keilhaok, Praktische OeologU, p. 498. 
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ENCRUSTATIONS FORMED WITH THE OXIDISING 
FLAME. 



GOLOUB. 


IVPIOATION. 


With Cobalt 

NiTRATS. 




(Turns a fine blue on the least 




White, yellow 


touch of R. F.) 




when hoi. 


Tin (not volatile). 


Blue-gpeen. 




^ Zinc (not volatile). 


Yellow-gpeen. 




Arsenic 






(Very volatile and far fipom 






assay. Garlic odour.) 






Antimony (denser). 


Dull Opeen. 


White. 


Lead Chloride (thin). 

Lead Sulphate. 
In these two last the yellow 
due to lead oxide appears 
within, and they bum blue 
when the ilame is turned on 
to them. 




Yellow-bFOwn. 


Cadmiym, 




Pink-bpown, 






feeble. (Pale 






crimson on sur- 


SUver. 




face of antimony 






Glide, or when 






lead is present) 


, BismtUh, 




(p. 63\ 


(A fine red results if equal 
parts of potassium iodide and 
sulphur are added to the 




YellOW,pa8singin- 


assay.) 




to white. Orange , 


Lettd (bums blue). 




when hot 


Both the lead and bismuth 
encrustations have a white 
fringe, and become more in- 
tense in colour if this is 
driven back and concen- 
^ trated upon them. 




Opange -yellow, i 

very volatile. J 






Red. 


AntimonouB Sulphide, 





Digitized by VjOOQIC 



58 BZAHINATION WITH THE BLOWPIPE. 



(ii.) TREATMENT OF RESIDUAL A88AT WITH NITRATE OF COBALT. 

If the residvs of the assay after oxidising is white or greyiahy 
cobalt nitrate should be dropped upon it, and it shoola be 
strongly heated in O. F., as in the case of encrustations. This 
test is of especial seryice where no conducdye reaction has been 
hitherto obtained. On completely cooling, the colour may or 
may not have changed. The assay must be examined with a 
lens to ascertain whether fusion has taken place, since a blue 
colour after fusion has no determinatiye value. Similar reactions 
can be conveniently obtained by powdering the mineral, mixing 
with a drop of the solution, and taking up on a loop of platinum 
wire for treatment in the O. F. 

The colours useful in determination are :— 



Colour. 


Indioatiok. 


Pale Pink or Brown-pink. 

Green. 

Pale Blue. 


Magnesia (glows during ignition). 

Titanic oxide. 

Alumna (Blue after fosion is 
generally due to Silica). 



(iii.) REDUCTION TO METAL IN THE REDUCING FLAME 

Many ores can be reduced to metal in R. F. on charcoal, their 
volatile constituents going off as gas or becoming deposited as 
oxides on the charcoal Other more refractory substances become 
reduced by being powdered with about three times their bulk of 
sodium carbonate ; the mixture is then treated in B. F. on char- 
coal until all effervescence in the sodium carbonate has ceased, 
when often metallic globules will have separated out and have 
become distinctly visible in the flux. In many cases, however, 
the soda-slag must be cut out with a little of the charcoal under 
it and pounded out in water in an agate mortar ; wash lightly 
with water, pressing firmly on the heavier residue with the 
pestle ; metallic beads will often be found streaked out on the 
pestle, or in the mortar when the lighter admixture has been 
washed away. 

The metallic beads obtained must, as a rule, be subjected to 
farther tests. They should be treated by themselves on charcoal, 
to observe their purity and to see if they form an encrustation 
of any characteristic oxide; their malleability and sectility 
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should be examined ', and they should be rubbed over a surface 
of white paper, under pressure from the clean base of the acate 
mortar, to determine whether or no they leave a streak such as 
is given by lead. Some bodies yield mere fased globular residues, 
which are brittle and can be referred to none of the undermen- 
tioned metals. Such residues can often be further decomposed; 
but alloys may be formed that are difficult to determine. 

The bead or {K>wdered re9idue from treatment in R F. should 
always be tested with the magnet, and any matter that is 
attracted should be examined in a borax b^ul. Iron, cobalt, 
and nickel can be thus extracted and distinguished. 

FreeautionB. — Search for possible small beads in the residue 
firom fusion with sodium carbonate, as above described. 

Bub beads in the mortar to clean off any oxide that may have 
formed during coolings concealing their true metallic colour. 



Natubs of Mktallio 
Bkad. 


Its RsAonona 


Indication. 


White, hard, malleable. 


Does not mark paper. 
Placed on the margin of 
a film of antimony oxide 
formed on charcoal, and 
gently fused, wUl yield, 
with a Uttle care, a pink 

white oxide. 


Silver, 


White, malleable, diffi- 


Does not mark paper. 


Tin. 


cult to obtain without 


Gives white encrustation 






and oxidises to a white 
powder, blue-green with 
cobalt nitrate. 




White, easUy maUeable. 


Marks paper. Yellow en- 
crustation ; blue flame. 


Lead, 


White, cracks at edges 


Does not mark paper. 


BismtUh. 


when pressed ; brittle. 






Copper-red, hard, maUe- 
able (often coated with 


No encrustation ; green 
flame. 


Copper. 


black oxide). 







Note. — Arsenic, antimony , and zinc are volatilised on redaction, and 
are recognised by encrustations and not as beads. Mercury and arsenic 
should be obtained by heating their compounds with sodium carbonate in a 
closed tube. Iron, edbaU, and nichd yield black magnetic residues, which 
should be tested in borax on platinum wire. 
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Certain reactions in which the use of sodinm carbonate plays an 
important part will be described under the head of the substances 
of which thej are characteristic. The test for sulphur alone need 
be mentioned here. Because a substance is a sulphate or even a 
sulphide, it hj no means follows that evidence of sulphur will be 
given either in the closed or open tube. The decisive determina- 
tion is made as follows : — Fuse thoroughly some of the powdered 
mineral with about three times its bulk of sodium carbonate in 
R F., until effervescence ceases. Cut out the slaggy residue 
and the patch of charcoal below it, and crush on the surface of 
a clean silver coin with a drop of water. Allow it to lie for 
about ten seconds and wipe it off lightly. If sulphur has been 
present in any form, sodium sulphide will have resulted, which 
decomposes on the coin, leaving a brown or black stain of silver 
sulphide. This test is delicate and unfiling, and can be per- 
formed as a natural sequel to any good reduction with sodium 
carbonate, a portion of the slaggy mass being reserved for this 
purpose. 

Frecautians. — ^The reduction must be very thorough. 

The charcoal below must be cut out^ owing to its absorption 
of the sodium sulphide formed. 

The sodium carbonate must itself be tested for sulphur; common 
gas also gives a slight reaction ; but the stains thus produced 
are ordinarily quite slight compared with those yielded by 
minerals, especially if the mass is not allowed to rest long upon 
the silver coin. 



CHAPTER VI. 

8IMPLB AND CHARACTERISTIC REACTIONS OF THE CONSTITUENTS 
OF COMMON MINERALS. 

Abbreviations used: — Flame = Flame-colouration. Ftu. = Fusi- 
bility. Bar. = Borax bead. Mier, = Microcosmic salt bead. 
CL tube = Closed tube. 0. tube = Open tube. Ch, = On char- 
coal. Soda = Sodium carbonate. H CI = Hydrochloric acid. 
Add. = Additional reactions. The most useful and characteristic 
reactions are preceded by an asterisk. Details must be looked 
for on pp. 45 to 60. 

Aluminium. — • Ch. — Alumina becomes blue with cobalt nitrate; 
if the surfiice is fused, the reaction is indecisive. Dissolve the 
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sodarresidne in dilate HOI, evaporate to dryness, redissolve 
in H 01 and water, filter off any silica, and neutralise with am- 
monia; alumina is precipitated, together with any iron that 
may be present. The precipitate, if white or nearly so, can be 
tested with cobalt nitrate, the resulting fine blue colour dis- 
tinguishing it from glucina, which is similarly precipitated. 
Glucina, however, is of rare occurrence. 

Antimony. — Flame — ^Blue-green or green-blue. CI ttibe — Some 
white oxides ; dark red when sulphur is present. * 0, tuhe — 
Dense white oxides, sometimes crystalline. * Ch. — Ditto. Dull 
green with cobalt nitrate. (See note on p. 64.) 

Anenic. — Flame — Blue, smoky through formation of oxide. 
* CI. tube — Metallic mirror, particularly with soda. Some white 
crystalline oxide. With sulphur, orange-yellow. ♦ 0. ivhe — 
White crystalline oxide, garlic odour. Ch. — Ditto, far from assay. 

Barium. — • jRa«i«— Yellow-green. 

BismutL — 0. ^u^e— Oxide sometimes formed. • CA.— Yellow 
encrustation, bordered with white. With sulphur and potassium 
iodide yields red encrustation of bismuthous iodide. Bead some- 
what brittle, not marking paper. 

Boron. — ^ Flame — Qreen. Use sulphuric acid or even fluor- 
spar and biiulphate of potash. 

Cadmitun. — ^ Ch, — Brown oxide. Use sod& 

Calcium. — *Flame — Red to yellow-red. Glows strongly. Add, 
— Dissolve assay in HOI, and dilute greatly. Add sulphuric 
acid ; no precipitate occurs (see '' Strontium "). 

Carbon Dioxide. — *0arbonate8 effervesce in HOI, some when 
cold, all when heated* A little water must be added. Sulphides 
that behave similarly are recognised by their physical characters 
and by the smeU of the escaping gas, sulphuretted hydrogen. 
Small quantities of carbonate of lime, dec, present only as im- 
purities in the assay, often give considerable effervescenoa 

Chlorine. — *Mior. — Make a very dark bead with copper and 
add a little of the assay. If chlorine is present in fair quantity, 
a fine blue flame surrounds the bead when it is again introduced 
into the flame. (See p. 43.) Bromine gives a similar reaction, 
but is far less often met with. 

Chromium. — * Bor, — Fine green in both flames. Micr. — Ditto. 

Cobalt. — * Bor, — Blue in both flames. Micr, — Violet to blue 
beads. The borax beads are green when iron is present, especi- 
ally when hot. Ch. — Residue from RF. magnetic. 

Copper. — * Flame — Bright green. Blue near assay with H 01. 
B<»r. — O.P., green to blue; R.F., opaque red. Micr. — Ditto, 
Ch, — Metallic bead of copper; use soda in most cases. 

Digitized by VjOOQIC 



62 BKAGTIOKS OF THE 00N8TITUKNTS OF MINBBALB. 

Flnoiine. — *CL tube — ^If decomposable, heat the powdered 
assay strongly with a drop or two of sulphuric acid; hold a clean 
glass microscopic slip, or the base of a watch-glass, close down on 
the end of the tube. In two or three minutes remove and wash. 
When dried, a dulled circular area will be seen, due to etching by 
the hydrofluoric acid vapours. If sand or quartz fragments are 
added with the sulphuric acid, silicic fluoride is formed. Insert 
a glass rod moistened with water down the tube; the water 
decomposes the vapour, and white silicic hydrate is deposited on 
the rod. 

Add, — If the mineral is not decomposed by HjSOx, fuse 
microcosmic salt on charcoal until ebullition ceases, mix the 
product with the powdered assay, and fuse on a glass slip over a 
lamp-flame. On washing off the mixture and drying, the surface 
will be seen to be etched, a dulled area having been formed 
under the fused mass. 

Iron.—* Bor.—O. F., yellow. R P., bottle-green. ♦ Micr.-^ 
Reddish in both beads; darker when titanium or tungsten is 
present (see under these). CL tube — Residue sometimes mag- 
netic. * Gh, — Residue from R F. magnetic. 

Lead. — ♦i^m«— Blue. 0. tube — When sulphur is present, 
forms, on some heating, a dense white deposit of lead sulphate. 
*Ch. — Yellow to orange oxide, fringed with white; turns strong 
yellow when potassium iodide and sulphur are added to assay. 
White chloride or sulphate when chlorine or sulphur is present. 
Metallic lead in R. F. The bead oxidises and turns orange 
in O. F. 

Lithium.— *^/a7ne - Crimson. A rare constituent. 

Magnesium.— *C/i. — Magnesia becomes dull pink with cobalt 
nitrate. Heat strongly. Few compounds, however, show this 
reaction, and wet tests must be used. 

Manganese.— ♦iffor.—O. F., red violet. R. F., colourless. 
Mior. — Ditto. Add. — * Moisten a loop of platinum wire, and 
dip it into sodium carbonate; fuse to a bead and add the 
powdered assay ; heat in O. F. ; mang;anese, even in very 
small quantity, gives an opaque green bead. 

Mercury. — * CL tube — Metallic sublimate, especially with soda. 
The sulphide, without soda, gives a black sublimate which has 
a red streak. 

Molybdenum.— i?7a»»« — Yellow-green. ^Bwr. — O. P., colour- 
less. R. F., brown. Micr, — Green in both flames. 0. tube 
— Sometimes thin white oxide. *(7A. — White oxide, which 
becomes *blue on being touched with R F. The soda- 
residue, treated as described under " Titanium," gives a 
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greenish solution which passes into brown; sometimes blue. 
(See "Tungsten.") 

HickeL— *j5or.— O. P., brown. R. F., greyish. * Micr.-^ 
O. F., yellow. R. F., slowly colourless with tin. These re- 
actions may be obscured by cobalt. See account of ohloanthite 
on p. 69. Ch, — Residue from R. F. magnetic. 

Phosphorus. — * Flame— Feehlj but distinctly green; use sul- 
phuric acid. CL tube — ^Add 4 mm. or so of magnesium tape 
and fuse. In some cases the mineral must be first fused with 
soda on charcoal, and the powdered slag used in the tube. The 
addition of water, after the tube has cooled, causes the evolution 
of phosphoretted hydrogen, known by its smell, which is com- 
pared to that of decaying fish. Uk, — With cobalt nitrate 
fusible phosphates become blue. Add, — * Nitric acid solution 
of ammonium molybdate, added to a solution of a phosphate, 
or in many cases to its powder, produces a crystalline yellow 
precipitate. This must be proved to be crystalline with a lens 
or microscope. 

Potassium. — *Flame — ^Violet. Often requires blue glass. For 
intensification of this reaction, see pp. 83, 85. '''Add. — Fuse 
the assay with soda on platinum, if not otherwise soluble, 
and dissolve in H 01. Add solution of platinic chloride, and 
evaporate almost to dryness ; add a little water, or preferably 
alcohol ; if potassium is present, a crystalline yellow precipitate 
of potassium platinic chloride will be seen to have formed. This 
precipitate is not easily dissolved in water, and is insoluble in 
alcohol. Ammonium com{)ounds give a similar reaction. 

SilicoD. — *Mior. — Silica is insoluble, a skeleton thus re- 
maining in the bead. The fragment used must be small (see 
p. 52). * Ch. — The soda-residue should be dissolved in dilute 
HOI, evaporated to dryness at a temperature only a little 
above 100 , and again treated with H 01 and water. Any silica 
present will separate as a light precipitate, which must not feel 
gritty under the glass rod used in stirring. If gritty, the fusion 
with soda has not been carried on long enough to completely 
decompose the assay. 

With cobalt nitrate fusible silicates give a rich blue glass. 
Add, — Some silicates decompose on boiling with H 01, the silica 
being left as a powder or a jelly of silicic hydrate (see p. 33). 
If previously fused with soda, a jelly always forms. 

Silver. — Bar. and Micr, — White and turbid beads, particularly 
in O. F. Ch, — Dull pink brown feeble encrustation, pale crim- 
son or violet if formed over a film of oxide of antimony, or where 
lead is present, the colour greatly improving on cooling. An 
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ore of antimony may be added to the assay, to produce thia 
reaction. * Silver bead in E.F., which does not mark paper like 
lead, or turn white like tin in O.F. Where copper is present, or 
in any compound ore of silver, it is well to use a mixed flux of 
borax and soda, the borax taking up the other constituents. 
(In presence of lead, see p. 56.) 

Sodium. — * Flame — Strong yellow. 

Strontium. — * Flams — Crimson to yellowish-red. Add. — Dis- 
solve assay in H CI, and dilute greatly. Add sulphuric acid ; a 
white precipitate occurs, sometimes after a little standing (see 
"Calcium"). 

Sulphur. — Flame — Native sulphur gives a blue flame, but this 
is not seen in the heating of sulphides and sulphates. CI, tiuhe — 
Yellow sublimate from many minerals, the colour most notice- 
able when hot. 0. tube — Sulphurous anhydride is often evolved. 

* Ch, — Blackens silver coin after fusion in RF. with soda and 
addition of water to the slag (see p. 60). Add. — Treated with 
H CI, many sulphides give off sulphuretted hydrogen, known by 
its smelL 

Sulphides may in all ordinaiy cases be distinguished from 
sulphates by their physical characters.! 

Tin. — Ch. — ^White encrustation, somewhat weak at flrst; 

* blue-green with cobalt nitrate. * Metallic beads, white and 
malleable ; best obtained by powdering the assay with charcoal 
and soda, then fusing, and pounding out of the residue in water 
in a mortar. The bead turns white in O.F. 

Titanium^ — Bar. — O. F., colourless. B. F., yellow, to brown. 

* Micr, — O. F., colourless. R F., violet. Dark red-brown when 
iron is present. * Ch. — The soda residue is boiled in H CI, with 
tin-foil about one centimetre square, to ensure reduction, and to 
avoid colouration of the liquid by ftrmation of ferric chloride, 
should iron be present. On cooling, and often after some standins, 
the solution becomes violet through formation of titanium tri- 
chloride (TiCl3). (See " Tungsten " below.) 

Tungsten. — Bar. — O. F., colourless. R. F., palish yellow-brown. 
After. — O. F., colourless. R. F., blue. Crimson-brown or red 
if iron is present. * Ch. — ^The soda-residue, treated as above 
described under ''Titanium," gives a Prussian-blue solution, 
sometimes turning brown later. The charcoal used in the 
fusion must not contain any cobalt nitrate from previous 
operations, since this will produce a similar blue in the acid. 
Some salts of molybdenum are said to behave similarly. 

t For a rapid method for the determination of sulphides, arsenides, and 
antimonides, see Bur^hardt, Mineral Mcig., vol. ix. (1891), p. 227. 
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Uranilim.— « 5or.— O.P., yellow, R. P,, bottle-green. * Mior. 
— Green beads. Distinguished thus from iron. 

Zino. — * Ch, — ^White encrustation, bright ^reen with cobalt 
nitrate ; heat assay in R. F. No metallic bead. 

Zirconium. — Flame — Zirconia glows very strongly . Ch. — With 
cobalt nitrate siroonia becomes dull yiolet, a reaction uncertain 
and difficult to obtain in the case of zircon, the only common 
compound of zirconia. (See notes on Zircon on p. 77.) 
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CHAPTER VII. 

BL0WPIPR-TE8TS USEFUL IN THE DETERMINATION OF 
COMMON MINERALS. 

The seleotion of minerals here made includes some that are of 
far rarer occarrenoe than others, hut which jet are the more 
common representatives of certain chemical constituents of the 
earth's crust. It also excludes a number of important minerals, 
particularly silicates, which must be recognised by physical 
characters or more complete chemical analysis. The group, for 
example, of the felspars thus obtains little prominence ; but the 
later section devoted to Szab6's flame-reactions does them, it is 
hoped, some measure of justice. The worker is presumed to 
have before him some handy text-book of mineralogy, and ques- 
tions of colour, hardness, dzic., are thus omitted from these notes, 
except where especially important for distinction. Should the 
mineral under examination not correspond with any in the 
following series, reference to the text-book under the head of 
those that agree with it most closely will generally complete its 
determination. 

An alphabetical order has been adopted ; but an index at the 
end of the list serves to connect the ores of the same metal one 
with another. The abbreviations used are the same as those in 
the preceding section. The chemical composition is shown after 
each name. 

la. Alnnite (see notes on Websterite). 

1. Aoglesite. PbSO^. 0. ^d-— Fuses, and on prolonged 
heating forms a slight white sublimate. Ck, — Lead encrusta- 
tion. Fuses and reduces easily to metal. With soda, sulphur 
reaction. Add. — Despite its appearance, the specific gravity 
(a 6*2) suggests the presence of a heavy metal. 

2. Anhydrite. GaSO^ J%i9ii0— Calcium, with HCl. Fus. 
— About 2*5. CL <u66— -No water. Ch. — With soda, sulphur 
reaction. Add, — Hardness = 3 or more ; that of gypsum « 2. 
Soluble in HCL 

3. Anorthite. CaAljSi^Og. FUkm — Calcium, on decomposi- 
tion with H CL Fu9, — Nearly as high as orthoclasa Micr, — 
Silica. Add, — Best treated by Szab6's method. Decomposed by 
H CI. Specific gravity = about 2-75. 

4. Antimonite. Sb^Sg. JTome— Smoky green. /W. — 1. CL 
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to^— Bed sublimate of antimonous sulphide, darkening to black 
at base j white oxides, and sometimes sulphur, above. 0, tube — 
Similar ; dense white oxides. CA.— Similar products; in the end 
completely volatilised. With soda, sulphur reaction. 

6. Apatite. SCagROg + Ca(01, F)2. ^ame— With HOI, 
calcium flame; with HgSO^, phosphorus. Fus, — Near 5. CI. 
tube — ^With magnesium, phosphorus reaction. Add, — Soluble in 
strong H 01. A drop of sulphuric acid added to the solution 
precipitates microscopic crystals of gypsum. Treated with nitric 
acid and ammonium molybdate solution, gives strong yellow 
precipitate. Small fragments may be thus dealt with on a glass 
slip* 

6. Apophyllite. Very near (H, K), Oa Si^ Oq + H^ O, with some 
Fl. Flame — With blue glass, good potassium. Fus. — Easy, 
with intumescence. After, — Silica. CL tube. — Water. Add — 
With H 01 gives gelatinous silica in lumps. 

7. Aragonite. Ca C Go (Rhombic form).— ^^ame— With H 01, 
strong calcium. Fits. — Infusible. Add. — Effervesces freely in 
cold H 01. The solution is greatly diluted, gives no precipitate 
on addition of sulphuric acid, even after long standing. Dis- 
tinguished thus from strontianite. Distinguished from calcite 
by its specific gravity ( = 2*93) and slightly superior hardness. 
For Meigen's and Lemberg^s important tests, see p. 36. 

8. Argentite. Agg S. -^««.— Easy. Bor, and ificr.— Silver re- 
actions. Ch. — Silver bead. With soda, sulphur reactions. 
Add. — Sectile and malleable. Distinguished from stephanite by 
absence of antimony. 

9. Atacamite. Ou 01^ + 3 H^ Ou O^ Flame— Bnma lumin- 
ously, and gives a blue flame near the assay (copper chloride) 
and copper gi-een beyond. Bor. and Micr. — Copper reactions. 
CL tuhe—Wtiter, Forms yellow-brown and greenish deposits at 

lower end of tube. Ch Similar deposits on the charcoal. 

Copperhead. 

10. Augite. (Ca, Mg, Fe) Si O, with some Alg Oj and FejOg.* 
Fug. — ^About 3-5. Aiicr. — Silica. Add. — Can be just scratched 
with a knife. Prism-angle of 87** distinguishes the pyroxenes 
from the amphiboles. 

11. Azurite. 2Cu0 08 + HjCuOj. Flame — With HOI, 
copper colours. Fus. — 2. Bor. and Micr. — Copper reactions. 
CL tube — Blackens ; water given off. Ch. — Copper bead. 
Add. — Effervesces freely in hot H 01. Distinguished from 
malachite by blue colour; from chalcanthite by absence of 
sulphur and insolubility in water. 

12. Barytes. BaSO^. Flame — Barium green. Fus.— About 
3; commonly decrepitates. Ch. — With soda, sulphur reaction. 

• See Hintze, Mineralogie, Bd. ii., p. 958. JglC 
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Add, — Specific gravity = 4*5, a character noticeable even in small 
specimens. 

13. Bismnth. Bi. Fits, — ^Yery easy. 0. ^6— Fuses and 
forms white to pale yellow sublimate ; if potassium iodide, and 
sulphur are fused with it^ a vermilion sublimate results. Ch, — 
Bismuth encrustation, which becomes a strong red when potassium 
iodide and sulphur are added to the assay. These materials 
should be powdered up with the bismuth. Fuses to a brittle but 
slightly malleable bead, which does not mark paper. 

Bismuthine (Bi, S3) gives similar reactions, but with evidences 
of sulphur. 

13a. Blende (see Zinc Blende). 

14. Bomite. CugFeSg. ^^om^— Copper. Ftte. — Easy. Bor. 
and Mior, — Oopper reactions. Ch. — Fuses to a magnetic globule. 
With soda, copper beads in a black magnetic residue (iron). 
Sulphur reaction. Add. — Distinguished by purple-red tarnish 
from copper pyrites; yellowish when freshly fractured. 

15. Bradte. H^MgO,. Fus, — Infusible; becomes opaque. 
CL ^0— Water. Ch. — With cobalt nitrate gives a faint mag- 
nesium reaction. Compare with talc and gypsum (see also p. 36). 

16. Calamine (Smithsonite of Beudant). Zn C O3. CL—Zino 
encrustation, which, with the residue, becomes a fine green 
with cobalt nitrate. Add. — Effervesces in H CI. Distinguished 
from hemimorphite (calamine of Brongniart) by not yielding 
gelatinous silica. 

17. Calcite. CaCOg (rhombohedral form). Like Aragonite 
(but see p. 36). Add. — Specific gravity = 2*72. Perfect rhom- 
bohedral cleavage, even in small fragments. 

18. Cassiterite. SnO,. Micr. — Often some silica. Ch. — Tin 
encrustation, blue-green with cobalt nitrate ; near the assay, and 
very characteristic if examined when cold. Powder with one 
part of charcoal and two parts of soda, to obtain good metal lio' 
beads. The metallic bead, treated alone on charcoal in O. F., 
oxidises and turns white, unlike lead or silver. Add. — Specific 
gravity » about 6*8, an important character when examining 
the dull brown pebbles of Stream Tin. 

19. Celestine. SrSO^. FlameStrontinm. C!4.— With soda, 
sulphur reaction. Add. — Distinguished from gypsum, should 
the flame be doubtful, by hardness » 3 - 3*5 and specific gravity 
» 3*95 ; also absence of water, and insolubility in H CI. The 
latter character distinguishes it from anhydrite. 

20. CeruBSite. PbCOj. Flame — ^Lead. Fus. — ^Very easy. 
CI. tube — Becomes yellow on cooling (lead oxide). Ch. — Lead 
encrustation ; rapidly reduced to metal. Add, — Eflfervesces in 
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hot H OL Specific gravity ■■ 6*4 when crystallised, suggesting, 
in spite of its appearance, tiie presence of a heavy metal. 
20a. Chalcopyrite (see Copper ^n^tes). 

21. Chalybite. Fe O3. J^k^.— Near 5; blackens. Bw. and 
Micr. — Iron reactions. CI, tube. — Blackens; magnetic residue. 
C%.— Ditto. il<W.— Effervesces in hot H 01. 

22. Chloanthite. (Ni, Co, Pe) As^. i^w.— Easy, ^or.— Cobalt 
reaction. If much iron is present, the bead will be green when 
hot. To obtain evidence of the nickel, prepare a large well- 
coloured borax bead and transfer it to charcoal ; oxidise for some 
time; separate the blue glass from the metallic residue by 
breaking the bead, wrapped in paper, on the anvil ; fuse the 
residue again with more borax on the charcoal, and repeat the 
operation until the bead becomes brown (nickel) or colourless 
(no nickel present). To confirm this result, treat the residue 
now with microcosmic salt, which will show the characteristic 
yellow due to nickel in O. E. If copper is also present, the 
microcosmic salt bead will be green, and will become red in R. F. 
on addition of tin. 

Where the quantity of nickel is small, a gold button weighing 
about 75 milligrammes should be fused with the borax bead on 
charcoal. This withdraws the nickel and any copper, and, after 
fusion with fresh borax to remove all cobalt, gives with micro- 
cosmic salt the nickel or nickel and copper reaction. 

The colours of beads thus treated on charcoal can always be 
examined by picking up some of the hot material on platinum 
wire. CL tw>e — Arsenic sublimates. Ch. — Abundant arsenic 
encrustation. 

23. Chromite. (Fe,CrXPe«,Crj)04, often with MgO and Al^Og. 
Fu9. — Practically infusible; becomes magnetic in R. P. Bor, and 
Mier, — Fine chromium reactions; mingled with those of iron 
when hot. Ch, — In R. F. somewhat feebly magnetic residue. 

24. Chiysocolla. Probably H^Cu Si O^ + HgO. JYaww— Copper. 
FtAS, — Infusible. Bor, and J/tcr. — Copper reactions. In latter, 
cloudy silica. CI. tube — Water; becomes black. C/*. — With 
soda, metallic copper. Add. — With H CI, separation of powdery 
silica. Commonly some carbonate present. 

25. Cimiabar. Hg S. CI. ^060— Black sublimate, which has a 
red streak. With soda added, yields globules of mercury. Ch. — 
Yolatilise& With soda, sulphur reaction. With potassium iodide 
and sulphur, faint yellow encrustation. Add. — Red streak. 

26. Cobaltine. Co As^ + Co Sj ( = Co As S). Bor. and Micr.— 
Cobalt reactions. CL tu60 — Fuses. Arsenous sulphide, sulphur. 
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white oxide, and sometimes some metallic arsenic. 0. tuh^-^ 
White oxide and some sulphide. Gh, — Arsenic encrustation. 

27. Copper Pyrites (Chalcopyrite). Ou Fe S^. ^/am^— Copper 
colours with HOI. Fu^, — Easy. Bar. and Mior, — ^Copper 
reactions ; green in O. F. when hot, owing to presence of iron. 
GL tube--Some sulphtir. Ch, — Fuses to a magnetic globule. 
Eoast in O. F., and then reduce ; a copper bead separates in the 
mass. Soda only obscures the reaction. Add, — Hardness = 3*5 ; 
easily distinguished thus from iron pyrites, which cannot bo 
Boratched by the knife. 

27a. Copper Glance (see Bedrathite). 

28. Comndiim. Al^Oj. Fus. — Infusible, Micr. — Very slowly 
soluble ; often some silica. Ch. — With cobalt nitrate the residue 
becomes pale blue (alumina). Add. — Hardness = 9 ; specific 
gravity = 4. These characters are both important when dealing 
with rough forms, such as the pebbles found in streams. The 
parting-planes are generally traceable even in these. 

29. CryoUte. 6 Na F + AL F^ ( = Na^ AljFu). Flame -^ 
Sodium. Fu8. — Very easy. CL tube — Fluorine reaction with 
sulphuric acid. Gh. — After thorough heating, the residue gives 
alumina reaction with cobalt nitrate. Add. — Fused with micro- 
cosmic salt on a glass slip, leaves a dulled and etched area when 
the slip has been washed and dried. Distinguished from fluor- 
spar by its lower hardness ( = 2*5) and its easy fusibility. 

30. Cuprite. OujO. .^m«— Copper colours with H 01. Fus. 
— Easy. £or. and Micr, —Copper reactions. 0. tvhe — Blackens 
(CuOj. Gh. — Copper bead in R. F. easily obtained. Add. — 
Soluble in H CI. Streak red. 

31. Dolomite. CaMgCgOg. Flame— W\ih H CI, calcium. 
/W — Infusible. Add. — In cold dilute H CI C^O percent, water) 
effervesces very slightly, but freely when heated. Compare 
with calcite by putting a fragment of each in the same tube. 
For Lem berg's test^ see p. 36. 

To the HCl solution add slight excess of ammonia, and then 
solution of hydric disodic phosphate (1 part of the salt to 
10 of water). Allow to stand for some time. A minutely 
crystalline precipitate of ammonic magnesic phosphate will be 
formed. 

The specific gravity of dolomite is about 2*85, calcite being 
2-72; the hardness is between 3*5 and 4. 

32. Epidote. H Ca^ ( Al, Fe)8 Sig Oig. -Pw«.— Slightly more 
fusible than actinolice. Intumesces somewhat. J/icr.— Silica. 
Add. — Hardness « 6*5, that of the amphiboles being 5*5. 
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S3. EpBomtte (Epsom Salt). Mg S 0. + 7 H. 0. Fus. —Very 
CBJBj, with intamesGenoe. UL tu& — Water. Uh. — With cobalt 
nitrate, magnesia reaction. With soda, sulphur reaction. AdcL^^ 
Soluble in water. Bitter tasta 

33a Embescite (see Boniite). 

34 Fluor-spar. Oa F,. i^fiM— Oalcium, fidrlj good. Fua. — 
Decrepitates much, but finally fuses nt 2*5 - 3 with ebullition. 
CI tube — Fluorine reactions well given. Sometimes phos- 
phorescent Add, — Fused with microcosmio salt on a glass 
slip, etches the glass beneath. Distinguished from calcite by its 
superior hardness and specific gravity. 

35. Pranklmite. (Fe, Zn, Mn) (Foj, Mn,) O4. ^t*«.— Infusible. 
Bor, and Micr, — Iron reactions. Ch. — Zinc encrustation, 
green with cobalt nitrate. Add. — Manganese reaction with soda 
bead. Mo^ or less magnetic even before reduction. 

36. Galena. FbS. i^Tome— Lead. .7W.— Very easy. CI tube 
' — Thin white-yellow sulphur sublimate. 0. tvbe — ^After strong 
heating, a distinct and characteristic heavy sublimate of lead 
sulphate forms as a white streak on the under side of the tube. 
Ch, — Lead encrustation fringed with lead sulphate. Metallic 
lead bead easily obtained. With soda, sulphur reaction. Add. — 
Colour and cubic cleavage characteristic, even in small ^ag- 
ments. For Argentiferous Galena, see p. 56. 

37. Garnet. Common varieties represented by (Oa, Fe, Mg, 
Mn)3 ^Al^ Fe^ Or,) Sij (X^. Fue. — The common iron-alumina 
and lime-iron garnets fuse at 3. Micr. — Silica. Add, — The 
crystalline forms, rhombic dodecahedron, icositetrahedron, &c., 
are characteristic, and can be traced even in worn specimens. 
Hardness =» about 7 ; specific gravity = about 3*5, but not safely 
distinguished thus from ruby (red corundum). The low 
fusibility of most varieties easily distinguishes red garnets 
from raby, zircon, and spinel. 

38. GMhite. H. Fe, O^. i^uA— About 5. Bor. and Micr. — 
Iron reactions. UL tube — Water. Ch. — ^In R F. magnetic 
residue. Add. — Soluble in H 01 after some time. Streak 
yellow-brown. Crystallises, and has somewhat higher specific 
gravity than limonite (i'2 and 3*8 respectively, averages being 
taken). 

39. Graphite. 0. Aa.— Infusible, ^or.— In R F. gives 
dusky bcAd full of black flecks, resembling that due to 
molybdenum. Add. — Soils the finger& Does not give the 
yellow-green flame of molybdenite, which has specific gravity » 
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4*5, that of graphite being only 2. Graphite is also blacker in 
ooloar. 

40. Gypsum. Ca S O^ + 2 H, O. ^/anw— Calcium, with H 01. 
Fu8, — About 2*5. CI, tube — Becomes white and opaque; much 
water. Ch, — ^With soda, sulphur reaction. Add, — Hardness ■> 
2. Soluble in H OL See Celestine. 

41. HsBmatite. Fe^O,. Fus. — Fusible on reduction in B.F. 
Bw, and Micr, — Iron reactions. CL tube — Generally a trace of 
water, but fiir less than limonite or gothite. Ch, — In B. F. 
magnetic residue. Add, — Slowly soluble in H 01. Streak red 
(highly characteristic, even of the black Specular Iron variety). 

42. Hemfanorpbite (Electric Calamine). H^Zn^SiOf. Fu8, 
— 6. Micr, — Silica. CI, tvhe — Water. Ch, — Zinc encrustation. 
Add, — Soluble in HOI with formation of a stiff silica jelly. 
Commonly associated with some carbonate of zinc, whi^ 
effervesces. 

43. Hornblende. (Mg, Ca, Fe) SiOg, with some Al^Og and 
FcjOg.* Like augite. Prism-angle, however, 124'. Frequently 
in elongated prisms and even finely fibrous, as in asbestos. 

43a. Horn Silver (see Eerargyrite). 
436. nmenite (see Titanic Iron Ore). 

44. Iron. Fe. Fv^, — Infusible. Bar, and Micr, — Iron re- 
actions. Add. — Magnetic. Soluble in HOI, giving yellow 
solution. Placed in a drop of aqueous solution of cupric sul- 
phate, becomes coated with metallic copper. Beduces the test 
solution of ammonium molybdate, producing a fine blue colour. 

Bare except in meteorites : the cupric sulphate test has been 
applied to microscopic sections. 

45. Iron Pyrites (Pyrite). Fe S^ /W.— About 2. Bar. and 
Micr, — Iron reactions. CL ft^^e—Abundant sulphur. Ch, — 
Magnetic after reduction. Add, — Insoluble in H 01. Orystal- 
ILses commonly in cubes. Distinguished from pyrrhotine by 
more brassy colour, hardness ( = 6*5), behaviour with H 01, and 
particularly by not being magnetic before fusion. Marcasite is 
slightly paler in colour. See Marcasite. 

46. Kaolin. H^ Alj Sig 0^. /m«.— Infusibla i/tcr.— Silica. 
CI, tube — Water. Ch, — With cobalt nitrate, a fine alumina 
reaction. 

47. Eerargyrite (Horn Silver) Group.f Ag (01, Br, I). Chlorar- 
gyrite (Ag 01) is grey or colourless. Micr, — With copper, 
chlorine reaction. CI, tu^^^ Fused with potassium bisulphate, 

* See Hintze, Mineralogies Bd. ii., p. 1186. 

t Prior and Spenoer, Min, Mag,, vol ziiL (1902), p. n5. 
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eyolves H CI. (7A.— Silver bead. Bromargyrite (Ag Br) is 
greenish-grey. CL tube — Treated as above, evolves bromine. 
The species containing iodine are yellowish. 

48. Kupfemickel (Nickeline). NiAs. i^tw.— Very easy. Bar. 
and After, — Nickel reactions. If complicated by cobalt, must be 
treated as described nnder chloanthite. CL tube — No arsenic 
mirror. 0. tube — White oxide. Ch. — Arsenic encrustation. 
In R. F., magnetic globule. AdcL — Insoluble in H CL Copper- 
red colour characteristic. 

49. Labradorite. For composition, see p. 173. Flame — 
Calcium and sodium, the former often overpowered by the 
latter. Ftu. — 3'6. Micr, — Silica. Add, ^Slowly decom- 
posed by HCl. Best treated by Szab6'B method. Specific 
gravity « about 2*7. 

50. Limoiiite. H^ Fe^ 0^ Like g5thite ; but specific gravity 
somewhat lower ( ■> about 3*8). Not found crystallised. 

51. Magnedte. MgOOg. -^W.— Infusible. C^— With cobalt 
nitrate, &ir magnesia reaction. Add, — Effervesces fairly in 
hot H 01. (See p. 36.) 

52. Magnetite. Fe, O^. Fus. — 6. Bor. and Mcr.— Iron re- 
actions. Add. — Slowly soluble in HCl. Magnetic before 
reduction, attracting its own powder. Many masses show polar 
magnetism of opposite kinds. Compare notes on Titanic Iron 
Ore. 

53. Malachite. Cu C O^ + H, Cu 0,. Like azurite. Green 
colour highly characteristic. Distinguished from chrysocolla by 
absence of silica and by less porcellanous aspect. 

53a. Manganite (see notes on Psilomelane). 

54. Marcasite. Fe S,. Like pyrite, but white when cleaned 
with H CL* Readily decomposed on exposure to the atmosphere. 

55. MispickeL Fe As S ( = Fe As, + Fe Sg). Fus.— 2. Bor, 
and Micr, — Iron reactions. CI, tube — Arsenous sulphide and 
excellent arsenic mirror. 0, tube — White oxide. Ch. — Ditto. 
Magnetic residue in R. F. With soda, sulphur reaction. Add, 
— When containing cobalt, difficult to distinguish from smaltite, 
but contains far more iron, and is rhombic, not cubic, in crystal- 
lisation. 

56. Molybdenite Mo S^. Flame — Molybdenum, resembling 
barium. Fus, — Infusible. Bor, and Micr, — Molybdenum re- 
actions. 0. tube — Faint white molybdenum trioxide. Ch. — 
White encrustation, at some distance, when an unusually large 

*H. N. Stokes, BuU. U.S. Otol. Survey^lHo, 186 (1900).^ 

Jioogle 
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assay is used ; this encrustation at once turns a fine blue colour 
when touched with R. F. With soda, sulphur reaction. The 
product of the soda-fusion, boiled with tin in H CI, colours the 
fluid greenish and finally brown. Add. — Bluer in tint than 
graphite ; marks paper with a greenish streak. 

67. Natrolite. NaoAl^SijOio + 2HjO. Flame — Strong sodium. 
Fu8.—2. CI. tube— W&ter. ilficr.— Silica. Add.— Vfith ROl 
forms a strong silicarjelly. Hardness, like many zeolites, = 5-5, 
but often appears less, through fibrous structure. 

58. Nepheline (Elsolite). Approximately (Na, K) Al Si O^, 
but seems to contain slightly more silica. Flame — Sodium. 
Fu8. — 3-5. Micr. — Silica. Add. — With HCl forms a strong 
silica-jelly. 

58a. Nickeline or Niccolite (see Kupfernickel). 

59. Nitre. KNO3. Flame— Fine Potassium. iW.— Very 
easy. CI. tube — Fused with bisulphate of potash, gives ofi* 
brown fumes, well seen on looking down tube. Gh. — Flares up 
directly it is touched with the flame, forming potassium carbon- 
ate. Add. — Soluble in water. Characteristic taste. 

60. Oligoclase. For composition, see p. 173. Flamt — 
Sodium. Fvs. — 3-5. Micr. — Silica. Add. — Specific gravity 
B about 2*63. Not decomposed by H CI. Best treated by 
Szab6's method. 

61. OUvine. (Mg,Fe)2Si04. /'?*«.— Infusible, ificr.— Silica. 
Add. — Most common varieties give a silica-jelly with H CI. 
Transparent yellow-green appearance characteristic. H = 6 - 7. 

62. Orthoclase. (K, Na) Al Sig Og. Flame — O^n much 
sodium (Soda-Orthoclase). To observe the strong potassium 
flame, fuse in a bead of sodium carbonate and examine through 
5 mm. of blue glass (see also p. 85). Fvs. — 5. Mior. — Silica. 
Add. — Not decomposed by H CI. Specific gravity = about 2*66. 

63. Pitchblende. mUOj + nUOg. Fua.—^. Bor. &nd If icr.— 
Uranium reactions. In AUcr.y generally silica. Add. — Liable 
to give many reactions due to impurities of sulphur, copper, <fec 
The microcosmic salt beads are the most conclusive blowpipe- 
reaction. 

64. Proustite. Agg As S3 ( = 3 Agg S . As^ Sg). Fu8.—h Bar. 
and Micr. — Silver reactions. CI tube — Some arsenous sulphide. 
0. tvibe — White oxide. Ch. — Arsenic encrustation. With soda, 
silver bead and sulphur reaction. A dd. — Streak scarlet- vermilion 
(Mier8)\ see Pyrarg3frite. 

65. Psilomelane. Hydrous oxide of Mn, Ba, and K. Flame — 
Barium. Bor. and Mior. — Manganese reactions. CL tube — Water. 
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Add. — Soluble in H 01 ; chlorine evolved, known by its smell. 
Barintn salphate is usually precipitated on addition of H, S O4. 
Manganlte (H, Mn^ OJ is often crystallised, and yields no barium. 

66. Pyrargyrite. Ag3SbSj(= 3 AgnS.SbjSg). Like proustite, 
with antimony in place of arsenic. Uh, — Silver oxide encrusta- 
tion on antimony oxide. Add. — Streak purplish-red (Miers), 

66a. Pyrite (see Iron Pyrites). 

67. Pyrolusite. MnO,. Ftu. — Infusible. Bor, and Hicr. — 
Manganese reactions. CL tube — Commonly a little water. 
Evolves oxygen, a glowing splinter of wood inserted in tube 
being re-kindled as each puff of gas arises. Add, — Soluble in H Ci 
with evolution of chlorine, which is known by its smell. 

68. Pyromorphite. SPbgPjOg + PbOlg. Flame— With sul- 
phuric acid, phosphorus reaction, the green flame surrounding an 
inner blue one due to lead. Fvs, — Very easy. Jficr. — With 
copper oxide, chlorine reaction. Oh, — ^White lead chloride en- 
crustation ; nearer assay, lead ditto. In R. F., metallic lead. 

69. Pyrrhotine. Fe^Sg (= eFeS.FeSg). Fua. — About 2. 
Bor. and Mi45r. — Iron reactions. CL tube — Scarcely any sulphur. 
AM. — Soluble in HOI; evolves HgS on boiling. Magnetic 
before reduction, and attracts its own powder. See Iron Pyrites. 

70. Quartz. SiO,. ^tw. — Infusible, ificr. — Undissolved. 
Ch. — Fuses readily with soda ; cobalt nitrate added to the pro- 
duct produces a deep blue glass, as in ordinary fusible silicates. 
Add. — Hardness = 7 ; specific gravity only 2-65. 

71. Bednitbite (Copper Glance). Ou^S. Flame— With HCl 
copper flames. Fu8, — About 1-6. Bor, and Micr, — Copper re- 
actions. CL tvhe — No sulphur. Ch, — With soda, or when 
roasted in O. F., metallic copper. With soda, sulphur reaction. 
Add. — Sectile. 

72. Rhodonite. MnSiOy ^tw.— About 2-5. 5or. and if icr.— 
Manganese reactions. In latter, silica. Add. — With H 01 
commonly effervesces, through presence of some carbonate, but 
is only slightly decomposed. 

73. Bock-salt NaOl. i%m«^Intense sodium. /W.— About 
1. Micr, — ^With copper, strong chlorine reaction (p. 61). Add. — 
Soluble in water. Taste characteristic, but similar to sylvine. 

74. Rattle. TiOy A««.— Infusible. Bor. and ilftcn— Good 
titanium reactions. Barely soluble in latter. Ch. — ^The soda- 
residue, boiled with tin in H 01, gives a strong titanium reaction 
upon standing. 
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75. Sal-ammoniac. N H^ CI. i^tM.— Swells up and volatilises 
without fusion. Micr, — ^With copper oxide, chlorine reaction. 
CI. tube — Volatilises, forming dense white sublimate and fumes. 
Add, — Evolves ammonia, known by its smell, when pounded up 
or fused with sodium carbonate. Soluble in water. 

75a. Siderite (see Chalybite). 

76. Smaltine. (Oo, Fe, Ni) As,. Graduates into chloanthite; 
richer in cobalt (see Chloanthite). 

76a. Smithsonite (see Calamine). 

77. Soda-Nitre. NaNO,, i^^Tiw— Strong sodium. Fus.-^ 
Yerj easy. OL Pube — Fused with bisulphate of potash, gives olf 
brown fumes, well seen on looking down tube. Ch, — Flares up 
like nitre. Add. — Soluble in water. Saline tasta 

78. Sphene. Oa Si Ti O.. ^u^.—- Fairly easy. Bor. and Micr. 
— Titanium reaction. Silica in latter. Ch. — ^The soda-residue, 
boiled with tin in H 01, gives a clear titanium reaction. 

79. Spinel (Mg,Fe)(AL,Fej)04. i?W.— Infusible, thus differ- 
ing from similarly coloured garnets. Add. — Specific gravity less 
than zircon (about 4*0 and 4*5 respectively). See notes on Zircon. 

79a. Stibnite (see Antimonite). 
796. Stream Tin (see Cassiterite). 

80. Strontianite. SrCOj. i^/aTwa— Strong strontium. Add.— 
Effervesces in cold H CI. Even very dilute solutions give, on 
standing, a precipitate with sulphuric acid. Compare with 
aragonite or calcite, and see p. 36. 

81. Sulphur. S. ^i^md^Bums with a blue flame. CL tu6e— 
Volatilises, giving sulphur sublimate. 

82. SylTine. K 01. Flams — Strong potassium ; otherwise like 
rock-salt 

83. Talc Hj^MgoSi^O^s* ^t^*— Infusible. The lamelln bend 
away from one another during heating. Aficr. — Silica. CL tube 
— A little water. Ch. — With cobalt nitrate, a fair magnesia 
reaction. Add. — Hardness clearly less than that of micas. 

83a. Tinstone (see Cassiterite). 

84. Titanic Iron Ore (ilmenite and titaniferous magnetite), 
nmenite = mTiFeOj + nFcjOg. ^t«.— Practically infusible. 
Bor. — Iron reactions. Micr, — Iron and titanium. Ch. — In 
B. F. magnetic residue. The soda-residue, boiled with tin in 
HOI gives a satisfactory titanium reaction. Some specimens 
are magnetic before reduction. 

85. Topaz. (F, H O)^ AljSiO^. (See Groth, Tab. Ueberaicht, 
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1898, p, 116.) ^M.— Infusible, iftor.— SiUca. C^— With 
oobalt nitrate, alumina reaction. Add. — Fused on glass slip as 
described on p. 62, dulls and etches the surface. Distinguished 
from quartz by hardness » 8, specific gravity » 3-5, and presence 
of good cleavage (basal). 

86. Tourmaline. For composition, see p. 183. Flame — Some 
specimens give boron flame when fused with fluor-spar and 
bisnphate of potash. Fus. — ^Various, but often easy. Afior, — 
Silica. Add. — Distinguished from hornblende by hardness - 7, 
and very common occurrence of trigonal prisms. 

87. Viviantte. Fe,P,OU + 8H^0. .^^»ia— With sulphuric 
acid, phosphorus. Fus. — ^fisusy. Bar. and Micr. — Iron reactions. 
CL tube — Becomes white; gives off water. Ch. — Magnetic 
residue. Add. — Soluble in H CI. Reduces the ammonium molyb- 
date solution, the blue colour mingling with the yellow precipitate 
due to phosphoric add. Blue colour characteristic, but alters to 
brown, becoming then red by transmitted light. Blue crystals 
strongly pleochroic. 

88. Websterite. ALSOp+OH^O. Fue.— Infusible. CI. tube 
— ^Much water. CA.— With cobalt nitrate, fine alumina reaction, 
With soda^ sulphur reaction. Add. — Soluble in H 01. Specific 
gravity « 1*66. Alunite (K,Ale8^0^+ eH^O) has higher 
hardness and specific gravity, and is uu^uble in H 01. 

89. Witheiite. BaOOg. /'^me— Barium. Fu8.—2. Add.^ 
Effervesces in H CL (See also p. 36.) 

90. Wolflram. (Fe, Mn) W O^. -P'u*.— Decrepitates, but fuses 
about 3. Bor, — Iron and sometimes manganese. Micr. — Iron 
and tungsten. CK — The soda-residue, boiled with tin in H CI, 
gives a fine tungsten reaction. Add. — Carbonate of soda bead 
gives manganese reaction. Lustre and cleavage characteristic. 

91. Wollastonlte. Oa Si O,. Flame^'Evsie calcium with H 01. 
Fus. — About 4; glows strongly. Micr. — Silica. Add. — Gives 
a silicarjelly with H CL Some carbonate often present. 

92. Zinc-Blende (Blende). Zn S. .TW.^About 6. CI tube^ 
Thin sulphur. Ch. — Zinc encrustation, at times excellent with 
oobalt nitrate, poor in other examples; best produced when 
specimen is in R. F. Some varieties give cadmium encrustation. 
Often magnetic residue. With soda, sulphur reaction. Add. — 
Soluble with effervescence in hot H 01, sulphuretted hydrogen 
being evolved. 

93. Zircon. Zr Si O^. Fus. — Infusible. Ch. — The soda- 
residue, after thorough fusion, treated in a dish with hot water, 
gives abundant minute hexagonal platy crystals (zirconia) and 
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rhombohedra ( Y sodic sirconate). Examine on glass slip under 
microscopic power magnifying about 400 diameters. For dis- 
cussion of this reaction, see L^vy ^ Lacroix, Mvniraux des Roches 
(1888),. p. 117. If the soda and the zircon are not finely pul- 
verised together and completely fused, a residue of zircon frag- 
ments alone appears. See notes on Garnet and Spinel. 
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CHAPTER VIII. 



QUANTITATIYE FLAMB-RB ACTIONS OF THB FELSPARS AND 
THEIR ALLIES. 

Prof. Szab6 of Budapest, bj making more precise certain flame- 
reactions indicated by Bunsen, developed in 1876 a new method 
for the determination of the felspars and allied silicates found 
in common rocks.* Practice has afi^ain and a^n shown that the 

* "Ueber eine neue Methode die Feldapathe auoh in Qesteinen sur 
beatimmen." Franklin- Verein, Budapest. 

An abstract occurs in Proc American Aaaoc for Advancement o/Sdence^ 
Tol. xxxi., 1882, without illustrations. 
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observations made in this manner in the Bonsen-flame are as 
reliable as they are simple and expeditious. Gas is required, 
but a careful observer working on typical minerals with a blast- 
lamp might no doubt profitably construct a table of reactions 
with which to compare the results given in the same flame by 
undetermined specimens. 

The Bunsen-burner used by Szab6 has a tube of 1 cm. 
diameter. A three-rayed support, screwed on over the upper 
end until it rests 3 cm. below the orifice, carries a removable iron 
cone 6 cm. high, 5*3 cm. in lower diameter, and 3 cm. in 
diameter above. 

The flame is 13 to 14 cm. high when the cone is not employed. 
The position of highest temperature, the fnsion^plctce^ is about 
one-fourth of the total height of the flame above its base. 
* The particle of felspar or other mineral to be tested must be 
of a fixed bulk and about this size • when fused to a globule ; 
it must be carefully selected from a roughly powdered sample of 
the rock of which it forms a part, and must not be touched by 
the finger nor immersed in water that is not distilled. The lens 
should, as usual, be used in the selection of such fragmentfl, and 
the character of their cleavage can often be noted as a pre- 
liminary. Should the mineral fly to pieces in the flame, Szab6 
recommends that a sample of the mineral should be allowed to 
decrepitate by heating in a closed tube, the fragment finally used 
being selected from the material thus already broken up. 

The particle is supported on a platinum wire of about this 

thickness , of which 1 decimetre should weigh only 32 

milligrammea The usual small loop is made at the end of the 
wire. 

To secure the particle an the wire, a matter which some workers 
have found troublesome, but which need cause little annoyance 
considering the ease with which the observations are finally 
made, Szab6's directions should be carefully followed. Dip 
the wire loop in distilled water and touch the granule with it, 
quickly raising it, so that only the upper surface becomes wetted ; 
taming the wire, the dry surface of the particle comes upwards. 
Bring it in this position gradually near to the base of the Bunsen- 
flame, the water thus drying on slowly ; a card should be held 
beneath the specimen to catch it if it becomes shaken off. 
Finally let it enter the flame and remain there for two seconds, 
the surface in most cases becoming fused to the platinum wire. 
The wire can be supported in various ways in the flame, the 
points selected being in the outer envelope at (a) the base of the 
flame, (b) at 5 millimetres above the base, and (c) the fusion- 
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place, aboat 5 mm. above the top of the iron oone. The present 
writer has described the following support as one that practice 
has shown to be useful.* (Fig. 9.) 




Fig. 9. 

A small gallipot, such as is used for Liebig's extract, forms a 
base that is dean, strong, and adequately heavy. A brass wire, 
about 3 mm. in diameter, passes tiirough the cork of this, and 
rises 15 centimetres above it, carrying a stout cork A, which can 
be slid up and down to any leveL A steel wire or knitting- 
needle, some 25 cm. long, is pushed horizontally through A, the 
last 7 cm. on either side being then bent forward at right angles. 
Two small corks, B and B', are carried by the parallel arms thus 
formed, and support, by means of a knife-slit in the top of each, 
the fine platinum wires employed. B can be slipped off the steel 
wire, the mineral fragment can be attached, with Prof. Szab<S's 
precautions, to the platinum loop, and the carrier replaced 
without fear of loss by jarring. B' can be used for a type- 
specimen to be compared with that under examination, the wires 
on both corks being adjusted to exactly the same level, and one 
or other being brought at will into the flame. 

The cork A being set approximately at the proper height, the 
rotation of the steel wire within it moves B and B' equally in 
vertical planes, and gives a delicate means of fine adjustment. 
To secure uniformity of position in successive experiments, the 
platinum loop carrying the specimen is brought to the exact level 
of the top of the Bunsen-burner, or to the level of the top of the 
iron cone. A small plate of wood, O, of the thickness of 5 mm., 

* '*0n a simple apparatus for flame-reactions." Geological Maaatine, 
1888, p. 3U. 
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is then slid under the gallipot, the specimen being thns raised to 
the positions adopted by Prof. Szab6, without any of the diffi- 
culties that often arise from the jarring or stififness of motion 
in more elaborate supports. 

The dimensions above given are those adapted to a Bunsen- 
bumer of ordinary height and ordinary diameter of base. For 
packing, the erection can be taken down, and the 5-millimetre 
plate and the smaller corks can be kept inside the gallipot till 
required. 

Obflervation of Fusibility. — This forms the least reliable 
part of Szab^'s reactions, as a temperature slightly under 
that of his standard flame makes the species seem equally 
difficult to fusa The scale is unfortunately numbered in 
the reverse order to that of von Kobell. It is here sim- 
plified; the numbers refer to the result obtained, whatever 
part of the flame is used ; thus, a mineral may have a fusibility 
of 1 in the point b and of 3 in the point 0. The product 
must be examined with a lens. 

0. Infusible. 

1. Edges and corners alone rounded. 

2. General form unaltered, but edges, corners, and 

faces fused. 

3. Form altered, but not to a globule. 

4. Fuses to a globule. 

The time of heating is in each observation one minute, the 
specimen being tried first in the position a (base of flame), then 
moved to b (5 mm. above the base), then to C (5 mm. above the 
iron cone), notes being made of its appearance on withdrawal 
from each portion of the flame. 

Detennination of Sodium and Potassium. — ^Held in position b 
(first row, fig. 10), the assay imparts a certain degree of coloura- 
tion to the flame. Five degrees are recognised, Na 5 being the 
most intense. The observer, with a drawing of these degrees 
before him, notes down the figure corresponding to the flame 
g^ven by his assay, and picks up an indigo prism or cobalt glass 
5 mm. thick, through wluch he views the flame with the object 
of detecting potassium. Three degrees of the characteristic 
violet-red flame may be distinguished by a good eye (lowest row, 
fig. 10). All this can be done in the one minute assigned to the 
observation ; at its expiry the wire is withdrawn and the degree 
of fusion also noted. 

The cone is put on and the same assay brought to c, the 
fosion-place. In one minute similar observations of sodium 
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(second row, fig. 10) and potassium (lowest row, fig. 10) are 
made, and the fusibility is again observed. The colourations 
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shonld be slightly stronger than in b, the degree 3, for instance, 
DOW representing an intenser flame than 3 in the previous 
observation. 

The assay is now dipped in distilled water and then into 
powdered gypsum, which thus adheres to and surrounds it. On 
reheating in position C, the gypsum assists decomposition, the 
sodium and potassium being converted into sulphates. The 
observation should be made when the assay has been two 
minutes in the flame. 




It is unnecessary to observe the sodium reaction except as. a 
check ; but the potassium flame is intensified and four degrees 
are distinguishable (fig. 11), No. 1 representing a quantity too 
minute for previous detection. See, however, p. 85. 

Determination of Calcium. — The lime in felspars and allied 
minerals can generally be inferred from the diminution of the 
Foda and potash ; but its flame may be seen as follows : — 

Pat fragments of the mineral in a glass tube with cold con- 
centrated hydrochloric acid sufficient to completely cover them. 
Close with wax and leave for 24 hours. Then open and plunge 
in a fairly thick platinum wire, coiled at the end. The drop 
thus brought out is held in position b, and the first colour 
observable is due almost entirely to the calcium. A direct- 
vision spectroscope shows the red, orange, and green lines dis- 
tinctly. The flames due to sodium, potassium, and lithium 
follow in order, and the degrees observed during this operation 
often serve to distinguish minerals in which the actual percent- 
age of soda, &C.J is the same, a higher degree being shown by 
those more easily decomposed by acid, 
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TYPICAL REACTIONS. 



MIMBRAU. 


In position b. 
Time 1 minnte. 


In position e. 
Time 1 minute. 


In 
po^tionc 

2 minutes. 


DropoftheHCl 
solatlon, after 

digestion 

ofparUclesfor 

24houxs. 

Position b. 


Na. 


E. 


Degree of 
fusion. 


Ns. 


E. 


I>egreeof 
foalon. 


E. 


Ca. 


Ka. 


E. 







0-2 
0-i 
0-1 
0-1 


1. Orthoelase, . 

2. Soda-Ortho- \ 

clase, J 

3. Albite, . . 

4. Oligoelase, . 

5. Andesine, . 

6. LabradoFite, 

7. Bytownite, . 

8. Anorthite, . 


1-3 
3-4 

6 
3-5 
3-4 
2-3 
2-3 
1-2 


23 

1 









1-3 

S'4 
£4 

0-1 
4)-l 


1-3 

3-4 

6 
4-5 

34 
2-3 
2-3 
1-2 


23 
1-2 










34 

4 

4 
4 
S'4 
$'S 
l-» 
01 


3-4 

2-3 


1-2 
12 
1-2 
0-1 
0-1 








0-1 
12 
2-3 
2-3 


1-2 

1-2 

1-2 
2 
2-3 
2-3 
1-3 
13 


9. Leueite, 

10. Nepheline, . 

11. Nosean, 

12. Haiiyne, 

13. Sodalite, . 


2-3 
5 
5 
5 
6 


3 
1-3 

1 
1-2 
0-3 


1 

t-s 

1 
1 

IS 


23 
5 
6 
5 
5 


3 
2-3 
1-2 
13 
0-3 


S-4 

2 

S-4 


4 
34 
2-3 
2-3 
0-3 








0-3 

0-1 


2-3 

5 
5 
5 


4 
3-4 

3 
1-3 
1-3 



A table based on those prepared by Szab6 is given above. The 
degree of fusion is stated according to the modified scale adopted 
on p. 81. The observer draws up a blank form on the same 
lines, notes into it each observation numerically as soon as made, 
and compares the whole result with the series given in the table. 
A good plan is to take each result separately and write down 
all the felspars or allied minerals to which it might possibly 
correspond. A comparison of the brief lists thus formed enables 
one to pick out the name that occurs most frecjuentljr, or the two 
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between which the mineral must lie. These reactions, performed 
upon minnte grains, and occupying altogether about ten minutes, 
have a great value to the geologist, however simple thej may at 
first appear to the chemist, mindful of his refined but lengthy 
methods of analysis. 

The determination of potassium in the flame is rendered easier 
by the following process,* which allows of a complete decomposi- 
tion of the silicate, and which is unaffected by the presence of a 
bright sodium flame. On a loop of platinum wire, 2 mm. in 
diameter, form a bead of sodium carbonate, and view the flame 
given by it through 5 mm. of blue glass to see that no potash is 
present. Moisten this with water, and pick up about 2 cubic mm. 
of the mineral — i.e.j about twice as much as is used in Szab6'8 
process. Place the wire on the support in the position c, 5 mm. 
above the cone. The specimen does not tend to fall off, but is 
soon attacked and dissolved. Leave for two minutes by the watch. 

Then observe the flame through 5 mm. of blue glass. The 
bright sodium flame is cut off, except for a marginal column, 
which comes through blue. If potassium is present, it is revealed 
hj a pink- violet inner fringe to this blue column. Judging firom 
its extent and also its intensity near the assay, three grades can 
be established. 

Grade 1 » about 4 per cent, of potash. 

„ 3 = „ 12 ,, „ 

The ease of manipulation in this method, and the completeness 
of decomposition, seem to recommend it. It is also of service in 
examining the glassy or fine-grained groundmasses of igneous 
rocks. All true orthoclases fall in grade 3 ; but each observer 
should establish the grades for his own eye upon specimens 
already known. 



CHAPTER IX. 

BXAMINATIOK OP THE OPTICAL PROPERTIES OP MINERALS. 

Ih a book written for the geologist rather than for the mineral- 
ogist, a detailed account of the optical properties of minerals, as 
observed in slices cut from them in known directions, would be out 
of place. The appearance of the common rock-forming minerals in 
*G. Cole, ** Potassiam in SUicatea," Geol, Mag., 1898, p. 103. 
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ordinary microscopic sections is stated in Chapters xvi. and xvii. 
It will be well, however, to indicate at once some of the terms 
that may be employed in describing the phenomena then ob- 
served.^ It has long been customary to introduce into these 
terms the hypothesis of an incompressible etherg of elasticity 
variable with the direction of its displacement; but^ as Mr. 
Fletcher has pointed out, changes of view as to the nature of 
the ether have rendered such phraseology undesirable. 

If we take a plate cut from a doubly refracting crystal, but not 
perpendicular to an optic axis, and cause a ray of ordinary light 
to strike it in a direction perpendicular to its surface, this ray, on 
entering the crystal-plate, is split into two, which respectively 
vibrate in planes that are perpendicular to one another. The 
traces of these two planes on the surface of the plate may 
be called the yibration^traces for that particular section. They 
have also been styled the " vibration-directions," and " directions 
of greatest and least elasticity,'' for that particular section. 

The ray corresponding to one of these traces is propagated 
with greater velocity than that corresponding to the other trace. 
We may call one trace, then, the fast-ray vibratiOD-trace, and the 
other the slow-ray yibration-tracet, or "fast-ray trace" and "slow- 
ray trace" where shortness is desirable. These correspond to 
Prof. Groth's "vibration-direction of greater light- velocity," and 
"vibration-direction of less light-velocity ;" and to the n^ and w'^ of 
MM. Michel L6vy and LacroixJ, who distinguish the directions as 
those of rays with smaller or greater refractive index respectively. 

It is of interest to observe that the vibration-traces represent 
the directions of the axes of the ellipse which is formed by the 
intersection of the plane of our crystal plate with the optical 
indicatrix, or surface of reference for rays propagated in any direc- 
tion in the crystal. The vibration-trace of the slow ray corre- 
sponds to the long axis of this ellipse (n',) §, and vice versd, and 
the lengths of the two axes are proportional to the refractive 
indices for rays of the same colour vibrating parallel to them 
respectively, and travelling normally to the surfaces of the plate. 

* For a discassioQ of the principles underlying the optical properties of 
minerals, the reader should specially consult Fletcher's Optical Indicatrix 
{Min. Mag. J vol. ix., 1881, p. 278; also issued as a separate work, revised, 

?ubli8hed bv H. Frowde, 1892) ; also Miers, Mhieralogy, 1902, and Groth, 
^hysihcUiscne KryataUographiey 3rd or later edition. 

tl am indebted to Mr. L. Fletcher, F.R.S., for generous help in the 
discussion and selection of the above terms. 
t Les MirUraux dee Roches, pp. 3 and 4. 

§ Or, as Mr. Fletcher mnemonically puts it to me, the longer trace is the 
longer-time vibrdtion- trace 
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The indicatrix of a biaxial orystal is an ellipsoid, the three 
axes of which, perpendicular to one another, have different 
len^hs; it has three planes of symmetry, each of which contains 
two of the axes, and is perpendicular to the third axis. If a ray 
of light is propagated along a line, other than an optic axis, lying 
in one of these planes of symmetry, it travels with one or other 
of two different velocities. In one case the ray vibrates per- 
pendicularly to the plane of symmetry, and therefore parallel to 
the axis which is perpendicular to that plane; the vibration- 
direction in the other case is parallel to the plane of symmetry. 
The velocity of the former ray is constant, in any particular 
crystal, whatever the direction of propagation of the ray may 
be within the plane of symmetry ; it^ refractive index is also 
constant, and it is, in this respect, an '' ordinary" ray. 

There are, however, three different indices of refraction for 
the three ordinary rays that correspond to the three planes of 
symmetry respectively. Seeing that rays of the various colours 
composing white light suffer refraction in different degrees, these 
indices are determined with monochromatic light, the sodium 
flame being generally used. They are styled the principal indices 
of refraction of the crystal. The smallest is usually designated a, 
or fi, of French authors ; the mean is j8, or n^ \ and the greatest 
is 7, or fig. Since the value of /S is not the arithmetic mean 

between a and 7, the result of ^ — ^ is employed to express 

the average refractive index of the mineral. This may be briefly 
termed the "refractive index of the mineral.'' A very high 
refractive index for rock-forming minerals is 2*712, that of 
rutile; while 1*433, that of fluor-spar, is a low refractive index. 

B7 definition, the axes of the optical indicatrix of a biaxial 
ciystal are proportional to the principal indices of refraction ; 
the length of the shortest axis is thus expressed by a or n,, that 
of the mean axis by jS or n^, and that of the longest by y or n^ 

In the case of a doubly refracting biaxial crystal, there must 
be one section in which the difference in the velocities of the 
slow ray and the fast ray, travelling perpendicularly to the faces 
of the plate, is as great as possible for that particular mineral ; 
such a section contains the longest and shortest axes of the 
optical indicatrix. Consequently, the fast ray for this section 
will be the ray of least refractive index in the crystal as a whole; 
and its direction of vibration will be that of the shortest axis of 
the indicatrix, the German a, or the "axis of greatest elasticity" 
of the older elastic theory. The slow ray for such a section will 
similarly be the slowest possible ray, or ray of greatest refractive 
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index, and its vibration-direction will agree with the longest 
axis of the indicatrix, %.e., with the German £, or the **axi8 of 
least elasticity " of the older elastic theory. 

In uniaxial crystals — «.«., crystals of the hexagonal and 
tETRAooNAL systems — any section parallel to the principal axis 
(optic axis) of the crystal contains these two directions, one of 
which corresponds to the principal axis, and the other to any 
line perpendicular to it; and such a section is required in 
describing the optical properties of a mineral of either of these 
systems. 

If the principal axis is the vibration-direction for the slowest 
ray, the crystal is called positive; if for the fiutest ray, it is 
called negiiHve. 

In biaxial crystals, the section containing the longest and 
shortest axes of the indicatrix is always the plane of the optic 
axes. Two of the axes of the indicatrix bisect the acute and 
obtuse angles between the optic axes, and are therefore styled 
the actUe and obtuse bisectrices respectively ; they are necessarily 
perpendicular to one another. If the vibration-direction for the 
slowest ray bisects the acute angle between the optic axes, the 
crystal is called positive; if this angle is bisected by the vibration- 
direction of the fastest ray, the crystal is called negative. 

In crystals of the rhombic system, the axes of the indicatrix 
are coincident in direction with the crystallographic axes, and 
the optic axial plane is parallel to one of the three planes of 
symmetry of the crystal. The vibration-directions for the slowest 
and fastest rays correspond to those of the two crystallographic 
axes that are contained in a section parallel to the optic axial 
plane. The third axis, perpendicular to the plane of this section, 
is the French n^, the German b, and the " axis of mean elas- 
ticity " of the older elastic theory. For the section containing b 
and u, b will coincide with the slow-ray vibration-trace ; but for 
that containing b and r, b will coincide with the fast-ray vibra- 
tion-trace. 

In crystals of the monoolinio system, the optic axial plane is 
either parallel to the plane of symmetry — i,e,, to the clinopinacoid 
— or is some plane perpendicular to this. In the former case, the 
bisectrices make angles with the vertical crystallographic axis, 
which vary for different mineral species. In the latter case, one 
of the bisectrices, corresponding either to a or jC, according to the 
species, coincides in direction with the orthodiagonal ; the other 
coincides with the trace of the plane of symmetry. 

In the TRiCLiNic system, there is no relation between the 
axes of the optical indicatrix and those of crystallographic form. 
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llie terms, as applied to crystal-sections, may now be summed 
up as follows : — 

Fastest-ray vibration- trsu^d » direction of vibration for rays of 
least refractive index and greatest velocity, the direction of pro- 
pagation being perpendicalar to the section ; » « axis of greatest 
elasticity/' Symbol a, «, or rip. 

Slowest-ray vibration-trace » direction of vibration for rays of 
greatest refractive index and least velodty, the direction of pro- 
pagation being perpendicular to the section ;»'' axis of least 
elasticity." Symbol c, 7, or n^ 

It should be remembered that the two latter symbols in each 
case represent actual numbers, which are the refractive indices 
for rays vibratioff parallel to the directions for which they 
respectively stand. 

While the applications of the optical properties of minerals will 
be dealt with in connection with the microscope (pp. 141 to 153), 
yet one important property may be treated here, since it can be 
observed in ordinary specimens, without the use of sections. 
This is the phenomenon of pleochroism. 

Pleochroism. — Several minerals which are coloured and yet 
fairly transparent exhibit their pleochroism in ordinary crystals. 
When held up between the eye and the light, either in the 
fingers or cemented to a little stick, and turned about in various 
directions, a change of tint may be perceptible according to the 
direction in which the light traverses the crystal. Vivianite 
and transparent andalusite can easily be examined in this way. 

The extreme colours thus observed are the "face-colours" 
(Fldchen/arben) of Haidinger; but the "axis-colours" (Axen- 
Jfarben) prove with more certainty that a mineral is pleochroic 
and enable one to correctly describe its characters. The colour 
of any face is, in fact, compounded of the colours of two groups 
of rays into which the light entering the crystal has been 
divided. Brewster* in 1819 passed polarised light through a 
number of specimens, noting the extreme differences of tint pro- 
duced by bringing different directions in the crystal parallel to 
" the plane of primitive polarisation." This is the method now 
made use of in observing the axis-colours of minerals in micro- 
scopic sections (see p. 143}. Haidinger, t however, by his 
Dichroscope {dichroskopiache L<mpe), made both the axis-colours 

• FhU. Trans, Roy, Bog., 1819, p. 11. 

^AbhandL hd'nn, OeseH der Wiasenscha/ten, v. Folge, Band 3 (1344); 
reprinted in Poggendorf%Anncdtn, Bd. Ixi., p. 802. See also Pogg. Ann,^ 
Ixv. (1845), p. 4. 
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yisible at once. This instrument can be easily obtained, is very 
portable, and proves in many cases valuable in the examination 
of transparent minerals, such as gems. 

A brass tube, some 6 cm. long, encloses a cleavage-prism of 
calcite, the longer edges parallel to the axis of the tube. On 
each end of the calcite is cemented a small glass prism of about 
18"*, which makes the terminal surfaces vertical and prevents the 
rays from being so strongly refracted as to necessitate a stouter 
instrument. Prof. Church states that as an altei-native method 
the ends of the calcite may be cut off perpendicular to the longer 
edges. 

At one end of the tube is a magnifying lens, at the other a 
small square aperture, the image of which is sharply seen 
through the lens. But this image is doubled by the calcite; and, 
if a pleochroifi mineral is held against the aperture, the two 
squares seen will be of different colours. The mineral must be 
viewed in some direction other than that of an optic axis, and 
must be turned about until the maximum difference of colour is 
observable in the two images of the square, in which case the 
vibration-traces of the two groups of rays emerging from the 
crystal-face are parallel to those of the calcite rhombohedron. 
Consequently the rays of one group are already vibrating 
parallel to one of the planes into which the doubly-refracting 
calcite would tend to bring them ; these rays therefore are not 
doubly refracted by the calcite, but come through to the eye 
entirely in one of the two images formed. Similarly the other 
set of rays from the crystal, being at right angles to the first, 
comes through entirely in the other image formed by the 
diohroscope. Thus the colours due to each set are completely 
separated for examination, and this will again occur on rotation 
of the diohroscope throush 90*. 

It will be remembered that uniaxial crystals are dich/roic and 
biaxial are trichroic. Thus, if a prism of beryl or tourmaline is 
rotated about its longer axis, no change of face-colour will be 
perceptible to the eye, and, a far surer test, the colours of the 
two squares seen with the dichroscope remain respectively the 
same and at their maximum difference. But if a biaxial crystal, 
such as topaz, is thus examined, changes will take place in the 
axis-colours as different faces are viewed. Such observations 
should, however, be conducted on cylinders or on sections of 
equal thickness, and the complete determination of the character 
of the pleochroism of a particular mineral is beyond our present 
aim. But the mere fact that a mineral is pleochroic is often of 
considerable valua Thus garnet and red spinel may be dis- 
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tmgaished from ruby, minerals of the cabic system being 
optically similar in all directions, and consequently exhibiting 
no pleochroism, while ruby gives pink-red and yellow-pink 
axis-colours. Glass imitations of emerald, ruby, or sapphire 
may be similarly detected, and this too in cases where the 
nature of the specimen renders other tests undesirable. 

Dr. Lang has fitted a cap to the end of the dichroscope that 
bears the aperture, capable of rotation in various directions. 
The mineral is fixed by wax to the aperture in this cap, and can 
thus be oriented in regard to the instrument (Groth, Kryttalh- 
graphie, ed. 3, p. 154). 

We may note in conclusion that Haidinger's first experiments 
were conducted with a plain cleavage- prism of calcite, at one end 
of which a stop with a square opening was placed; and such a 
prism, costing a few pence, and a card with a hole cut to suit, so 
that the two images fall side by side, serves all purposes of 
ordinary observation or demonstration. The dichroscope can 
now be obtained from London mineral-dealers or opticians, at 
prices varying from about 15 to 20 shillings. 
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PART IIX 
THE EXAMINATION OF ROCKS. 



" As for the earth, underneath it is turned up as it were by tire. The 
stones thereof are the place of sapphires, and it hath dust of gold." — The 
Book of Job. 

** No arrangement can pretend to define and separate those objects which 
the hand of nature has neither defined nor separated."— John Maocullogu, 
A OeoiogiccU Cltwnficatum of Bocks, 1821. 



CHAPTER X. 

INTRODUCTORT. 

While a mineral may be to a large extent discussed and 
determined in the laboratory, a rock, considered as a part of the 
earth's crust, and not as a mere aggregate of chemical compounds, 
requires a very full knowledge of its mode of occurrence before 
it can be properly treated of and described. In fact, after a 
study of a number of type^ecimens, the student is recommended 
to go out to some well-described district, and to endeavour to 
recognise the varieties of igneous and sedimentary rocks by 
careful observation in the field. In this "way alone can he 
appreciate the various modes .of weathering, the massive or 
minuter structures due to jointing, the smooth or rugged 
outlines, that characterise the masses of which his hand-specimens 
form a part. He will meet with many difficulties of determina- 
tion, and will procure a store of well-selected material on which 
to work during less propitious days. Questions will arise, even 
during microscopic eicamination, that will send him back to gain 
further information in the field; and in the end his investigations 
will have far more geological value to him than any knowledge 
gathered in type-collections or museums. 

The notes that follow presuppose that the specimens have been 
collected in the field; that at an^rate somethin;g is known about 
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their mode of occurrence and their relation to other parts of the 
same mass. Weathered specimens should be avoided as a rule^ 
but often reveal structures hidden in the unaltered portions. 
Ck>llections made from stream-beds or taluses are often useful for 
showing the general character of a district ; but rocks so gathered 
are seldom of value for detailed study. Nothing short of striking 
the rock-mass in situ with the hammer, and taking in with the 
eye its position and surroundings, even to the broader features 
of the landscape, should content the geologist who would follow 
worthily the founders and masters of the science. 

The points of interest presented by various types of rock will 
be dealt with later. Broadly speaking, in the case of sedimentary 
rocks specimens should be collected showing weathered surfaces 
and also freshly exposed bedding-planes, since minute structures, 
fossils, d^, are best made out by a comparison of these. In the 
case of igneous rocks, specimens must be taken from the centre 
and from the edges of any dyke or l&va-stream, and contact^ 
phenomena repay the closest examination. 

The pocket-lens and the kmfe are, in the fields of paramount 
value. To one, moreover, £uniliar with microscopic sections, a 
number of structures and mineral-forms will reveiEd themselves 
with unexpected clearness when a fairly smooth surface of the 
rock is examined with the lens alone, llie pocket-knife must be 
used freely, as in the case of minerals, in estimating the hardness 
of a rock. The angle of a steel hammer, drawn across the face, 
often gives similar information. All rocks tend, however, to 
have a hardpess a little below that of their principal constituents, 
owing to looseness of texture or development of decomposition- 
films between the grains. But granular limestones can at once 
be distinguished by the knife fro22i4b£--ttfifl^%tchable quaftzites ; 
basalt, which is scratch Ag^^^ft^Tome difficulty when fresh, can in 
this state never be d^xifused with black limestone or compact 
dark shale — ^mjat^kei^ "^^j^^^t have been often made during the 
hurried examinationjof hand-specimens. The acid-bottle, owing 
to risk in carrying abd the necessity of employing heat in many 
tests, is seldom of ^eat advantage in the field, though in the 
laboratory it shouldT always be at hand. Dry citric acid, as 
ah-eady described, Aay, however, be conveniently carried on 
excursions. ^ 
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CHAPTER XL 

ROCK-STRUCTURES EASILY DISTINGUISHED. 

The structure of a rock naturally demands the first attention. 
In the majority of cases evidence can be obtained in the field 
respecting the mode of origin of the specimens collected, and only 
their systematic position will remain to be determined. Rocks 
may be divided according to their more obvious structural 
characters into the following groups : — 

Group A. — Coarsely Fraomsntal Rocks. 

Stratification may or may not be present In gravels and con 
glomerates current-bedding should be looked for. The position 
of the pebbles, with their longer axes lying in planes parallel to 
one another, will often give a clue to the bedding or the local 
dip. The degree of rounding of the pebbles, their average size, 
and any evidence of crushing and recementing that they may 
have undergone since their deposition, are structural points that 
may prove of considerable value. 

If the fragments forming the rock are very angular, we may 
' be dealing with an old talus unworn by water, with a volcanic 
agglomerate, or with a mass brecciated subsequently to its con- 
solidation. The nature of the fragments will probably decide the 
silt and second cases ; in the third, we must search for slicken- 
relatiSHS^^^f ^^^^^ should be abundant, and must study the 
friction Kt.-i««,-«"*j **-o— .-fq. /M»«. to another. If the rock is a 
STu^^vM ^'^''•"1 1^'^°'« -^I^S' WockB Will be found 
finelwifrSrf:*^^!*"*''* '^ *>>« interspace, being 
being wtairv hi? '"''^ Other block8fi|W**«ltod without 
espeLK^fC^i^? t"^t'' '"^t thereCre of course, cases, 
mo^ments wh^ "?•" *••** ^ave b<ien affected by earth- 

in contor^d moutt^i^^"^^^ ^'^ *o1setUe. Nea/ faults, 
abut .^^t^a!5^^J"*"°*«' »°<' espeoiaJjy where softer rocks 

Group R~Obdihaet STiUTiFiEi> Rocks. 

of the &^ whS '»2?l'"'">'^** « *eV are the character 
ing, Which ma^ be so fine ^s to rfroduce a laminated 
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stroctnre; and the degree of coaraenesa of the confltitaents. The 
texture of the rock may thus be granular and grit-like, or quite 
microgrannlar and compact Fine-grained volcanic tuffs and 
ftshes must often be classed with ordinary sediments until the aid 
of the microscope can be called in. Abnormally Urge fragments 
in a rock of fine texture, particularly if they consist of exceptional 
materials, may often be ascribed to the action of floating ice. 
Examples of this kind are the granite and other boulders that 
have been found in chalk. 

Oolitic and pisolitic structures, the latter, as commonly under- 
stood, being a coarse development of the former, are comparatively 
common among limestones. With a lens, the concentric coats of 
the ^g-like granules can be clearly seen, and often a central 
nndeoB, some fossil or mineral ficagment, can be detected in those 
that have been neatly fractured. On the weathered surfaces of 
some oc^tesy such as the Himant limestone, the structure is 
brought out with great distinctnesa 

On the Bur&oe of the stratified layers, ripple-marks, casts of 
sun-cracks and worm-burrows, footprints, and other signs of a 
littoral origin, may often be detected in the field. The relations 
of the fossils to the bedding-planes must also be observed ; in 
some instances moUusca are found embedded in the position in 
which they lived in muddy banks ; in some beds again, bivalves 
will be found commonly entire ; in others the separation of the 
valves and the rolling of the fossils generally will give evidence 
of troubled waters at the time of deposition. Derived fossils 
must not be overlooked. 

The nature of the cementing material in a granular rock must 

be examined. Interesting and exceptional substances, such as 

barytes, have been occasionally found to play this part. 

^ % 'Dcretions must be studied from a mineral stand-point On 

being broken open, they often show shrihkage-cracks filled with 

lucts of infiltration, giving rise to a septarian structiire. 

pils and various original structures are often preserved 

lie concretions when lost by alteration in the surrounding 

ly, the Joints must be inspected. They may be filled with 
ndaiy minerals, and their bounding surfaces may at times be 
lensided by earth-movements. 

'^e must bear in mind that, associated with ordinaty frag- 
tal stratified rocks, there often occur bands of crystalline 
trial, such as rock-salt and alabaster, which have been 
ited from solution and which exhibit a massive structure. 
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Group 0. — Olbavbd Ain> JB*oliatbd Rocks. 

Cleavage must be distinguished from lamination, hand-speci- 
mens at times leaving this point unsettled. Traces of the 
original bedding must be keenly looked for, and hard resisting 
bands or coloured stripes at an angle to the cleavage-planes often 
afford the necessary evidence. Fossils will sometimes be found 
distorted on the cleavage-planes. A rippled wavy structure, the 
herald of foliation, often causes the cleavage to become imperfect. 

Foliation consists in the grouping of the mineral constituents 
along surfaces that are parallel to or follow the curvature of one 
another. Although the development of minerals, notably mica, 
along some cleavage-planes connects cleavage and foliation, in 
many cases the latter structure is due to the rolling out, as in a 
mill, of previously crystalline materials, so that each firagment 
assumes the form of a much extended lenticle. Hence it is 
important to trace, if possible, the passage of a foliated rock into 
one with normal structure, whether igneous or sedimentary, and 
too much care cannot be devoted to the question as to what 
minerals in the schistose product are deformed primary sub- 
stances, and what have, on the other hand, been developed 
during the period of crush and pressure. 

The resistance of large pre-existing crystals produces the eye- 
structure of many gneisses, the smaller constituents flowing 
round the larger ones and tailing out in streams on either side. 
This structure is best seen on surfaces perpendicular to the 
planes of foliation. 

Rarely, but most interestingly, true pebbles remain, uncmshed 
and recognisable, in foliated rocks, as evidence of their former 
sedimentary origin ; but it must be remembered that Jlbfj 
crumpled or extended foliation-planes themselves do Cij^y 
necessarily represent original surfaces of lamination. 

Group D. — Rooks that have Ooksolidated from a StaItb 
OP Fusion (Igneous Rooks). 

. The relations of these to the surrounding masses will oftbn 
decide their mode of origin; but in an unfortunately larjge 
number of cases the exact contact-plane cannot be examined, 
and the junction is, indeed, often faulted, owing to the difference 
in hardness and compressibility of the igneous mass and the 
adjacent sediments. We mav subdivide this extremely varied 
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group by certain well-marked types of structure. We must 
premise, however, that in the rocks of any subdivision the 
constitution may be either 2ipproximately uniform throughout, 
or one or more of the crystalline constituents may be developed 
on a larger scale than the rest. In the latter case the rock 
possesses porphyritic structure in addition to any other that may 
be present. A glassy rock with fairly conspicuous disseminated 
crystals is similarly said to be porphyritic. 

Prof. Iddings has styled the obvious porphyritic crystals of a 
rock pbenocrystB. Those crystals that have been derived from 
some other rock, and are foreign to the magma in which they 
are now found, are called by Prof. SoUas zenocrystfl. 

Columnar structure is also common to igneous rocks of what- 
ever graiu. Arising as a phenomenon of contraction, it produces 
columns in the selvages of volcanic dykes ; or the bold examples 
at the base of massive sills and flows, so conspicuous in the West 
Highlands or Auvergne; or the yet coarser and less regular 
columns to be seen in many granitic rocks. The columns, large 
or small, though typically hexagonal, are often trigonal, rect- 
angular, or pentagonal, or have even seven or eight surfaces of 
contraction. 

The spheroidal structure, in which the rock breaks up into 
roughly or regularly concentric coats, though often developed by 
mere weathering and exfoliation of the surfaces of jointed blocks 
or boulders,* is typically due to curved surfaces of contraction. 
Its coarser type may be seen in granite, and its most delicate 
type as the perlitic structure of glassy rocks. The '* pillow- 
structure " of some basic rocks is a variety of the spheroidal, 
arising probably during movement of the lava. The pillow-like 
masses, fitting into one another, are often more glassy in their 
outer layers. (See Qttart Joum, Oeol. Soc., vol. xlvi., p. 312, 
and *' Silurian Rocks," vol. i., pp. 85 and 431, and plates I. and 
IV., Geol, Survey of United Kingdom,) 

Druqr structure (*' miarolitic " structure) may also occur in all 
types of igneous rocks, when crystals, often of great beauty, are 
developed on the walls of cavities in the mass. 

In banded structure, the crystals, or masses of differing com- 
position, are carried out by flow into separate bands. This is 
most commonly seen in glassy rocks, where the spherulites and 
crystallites are commonly arranged in bands. 

Svh'Grotbp 1, — Olassy Bocks. 
To the eye, and even to the lens, some igneous rocks appear 
* For cases on a large scale, see Branner, "Decomposition of Rooks in 
Brazil," BuU. Oeol, Soc, qf America, vol. vii. (1896), p. 277. 

7 
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have the " miorogranitic *' structure of L^vy.* When, on the 
other hand, the quartz of this last period of consolidation has 
also a tendency to form idiomorphio crystals, M. L^vy styles 
the structure '' microgranulitic." The use of a structural term 
depending on the minerals present must, however, of necessity 
be somewhat limited. 

Scoriaceous Structure occurs commonly in the rocks of 
this sub-group, and gives rise, when the cavities are filled 
with alteration-products, to the easily recognised amygdaloidal 
structure. The crystallised secondary minerals forming these 
ovoid groups or " amygdales " should be extracted and examined 
independently. Sometimes the apparently solid amygdale is a 
mere hollow shell, which has checked further infiltration as it 
developed upon the walls of the cavity. 



Sub-Group S. — Distinctly HolocrysUdline Rocka, 

These show throughout a crystalline texture, attaining some- 
times a great degree of coarseness, with crystals 10 or 15 cm. 
long. 

Granitic Structure. — This repeats the microgranitic on a bold 
scale, and there is thus the same intermingling of forms tending 
to show crystal-outlines and of purely allotriomorphic grains. 
The term has been used by L^vy for both acid and basic rocks ; 
but in the latter series he generally prefers "grenue" for 
** granitique." 

Granular Structure.— M. L4vy, employing <' granulite " in a 
limited sense^f uses the name " granulitic structure ** for a fine- 
grained aggregation of well individualised and even idiomorphio 
crystals, quartz being present as an essential. 

The metamorphosed rocks commonly known as granulites 
are of various composition, and contain little idiomorphio matter ; 
but it is a question if we may employ " granulitic " in any sense 
not determined by the author of the term. A large number of 
rocks, both of igneous and metamorphic origin, are built up of 
granules of similar size and partially rounded outline, as if move- 
ment had prevented the growth of well-developed forms during 

* For LS^'y's nomeDclature see '* Divers modes de atrnctare des roches 
erupiivea ntudi^es »u microioope,'' Ann, des Mities, s^r. 7> t. viiL (1875), 
p. 337. Also Structures ei OlauiJietUion dee Roehee Sruptivee, Paris 
(Baudry), 1889. 

t As an eruptive rock of the acid series ; Bull, Soc. giol de France^ 3me. 
s^r., t. ii. (1874), p 180. 
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eomolidaiioiL For this mteresting structure, which one is 
tempted to call '^ granulitic/' we shall here use the somewhat 
Tague term 'Agranular," or microgranular when necessary. 
Gommonly, indeed, the microscope is required for its correct 
appreciation (see fig. 28); but the absence of well-developed 
forms, such as prisms of felspar or pyroxene, is noticeable with 
a lens on the surface of the rock itself. 

OpUtic StrUGtore. — Often with the eye the crystals of one 
constituent will be seen to have developed freely, while another 
constituent has settled down in large crystals round them, so 
that the interspaces of the former are filled over considerable 
areas by material having parallel cleavage-sur&ces or crystal- 
&C66. On turning the rock-specimen in the hand, the light will 
glance from some such sur&ce and show the real continuity of 
areas that appear distinct from one another on the broken 
8ur£ftce of the rock. This structure derives its name from its 
occurrence in the dolerites and gabbros of the Pyrenees, which 
were called " ophites " by De Palassou. It is, however, extremely 
common in the dolerites and diabases of all countries. Prof. G. 
H. Williams {Jowm, of Geol., vol. L, p. 176) has used the term 
"poikilitic" for what seems practically the same structure, 
applying it particularly to cases where the enclosing or 
'*ophitic" mineral is felspar. The api)earance known as 
'Mu8tre*mottling " arises when the included crystals are small 
in proportion to the cleavage-surfaces of the surrounding and 
sabsequently-developed mineral. "Lustre-mottling" is common 
in the Peridotites. (See fig. 39, and Index.) 

Pegmatitic or Graphic Structure. — ^Two constituents, most 
commonly quartz and felspar, have developed simultaneously 
in large crystals mutually intergrown. The felspar being 
predominant, the quartz appears as hook-shaped and irregular 
forms apparently disconnected from one another. The cleavage- 
surfaces of the felspar thus give the effect of ''lustre-mottling;" 
but the quartz, when examined microscopically, is found also to 
be optically continuous over considerable areas of the rock. 
The structure thus resembles that which would be produced 
if two sponges were to grow up simultaneously, the one filling 
all the hollows and ramifying passages left by the mode of 
growth of the other. Graphic granite provides the best and 
almost only type. (See fig. 25.) 

The same structure when minute is styled micropegmatitic. 
Micropegpnatitic intergrowths are often grouped in delicate 
globular forms around porphyritic crystals of quartz or felspar. 
These micropegmatitic structures commonly require the micro- 
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scope for their detection, and have been appropriately styled 
'* micrographic '' by Harker, and also " granophyric " by Eosen- 
busch. The term " granophyre '* was, however, used by its 
inventor, Vogelsang, in a sense that included all micro- 
crystalline igneous rocks. 

Orbicular Stmctnre. — ^A rare structure in which the crystals 
are grouped so as to form spheroidal aggregates, with or without 
radial or concentric arrangement. A fine example is the or- 
bicular diorite ('' Corsite ") of Corsica. This structure may be 
regarded, with Vogelsang, as the highest development of the 
spherulitic. 

Flnidal Gneissic Structure.— A banded or foliated structure 
arises in some holocrystalline rocks during their original 
flow, and may be designated as above, to distinguish it from 
the metamorphic gneissic structure. Its fluidal origin is 
clearly proved in those special instances when the planes of 
foliation run parallel with the bounding walls of the intrusive 
sheet or vein, and across the structural planes of the surrounding 
and invaded rock. The smaller constituents flow round ''eyes" 
formed by the larger ones. Sometimes the intrusion of a non- 
homogeneous magma produces a banded gneissic structure on a 
handsome scale (see, for instance, Geikie, Anc, Volcanoes of Great 
Britain, voL iL, figs. 336 and 337). In many other cases, a 
granitoid rock intrudes in thin sheets along the bedding-planes 
of a shale, or along the foliation-planes of a schist, and its fluidal 
gneissic structure is due to the laminse of foreign matter carried 
off by it. (See PL II., fig. 5.) In such cases, a composite rock 
results, the alternating layers of which may be strongly con- 
trasted, consisting as they do of absolutely different rock-types. 
An interchange of minerals occurs on the surfaces of junction ; 
but it is obvious that the general structure is that of the original 
mass, preserved in spite of much contact alteration. 
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CHAPTER XTI. 

BOME PHTSIOAL CHABACTEB8 OF BOCKS. 

L Specific Gbavity. — ^Ab will be seen when varioas rock-types 
are examined in detail, the specific gravity is often a good guide 
to chemical constitution. The specimen must be selected with 
the following precautions : — 

1. It must be representative of the mass under examination, 
and sufficiently large to include all the constituents in theii 
correct average proportions. 

2. It must be free from flaws and cavities. 

3. It must be unweathered, except in certain special investi- 
gations. 

The general methods of determining specific gravity are detailed 
upon pp. 22 to 27. 

To observe the first precaution, it is often necessary, and, indeed, 
safer, to use Walker's rather than the refined chemical balance, 
which will not weigh a specimen of more than 100 grammesL 
The method devised by Mohr for measuring the displaced water 
is highly satisfactory in dealing with crystalline rocks of coarse 
grain and any specimen which it is inadvisable to reduce in size. 
The displacement-appaxatus consists in simple form of an inverted 
glass bell-jar furnished below with an india-rubber tube and clip 
and supported on a stand. The water placed in the vessel can 
be thus run off from below, accuracy being ensured by using the 
clip rather than a tap, and by letting the tube terminate in a 
jet formed of glass tubing. A horizontal wooden bar bearing a 
needle is laid across the top of the vessel, the needle projecting 
about 3 or 4 cm. downwards. To ensure constancy of position, 
the points where the bar habitually rests on the glass rim should 
be marked with a file or by gummed slips of paper. 

The vessel is filled with water; the end of the needle is lightly 
greased, and allowed to project into the liquid. Looking up 
from below at the bright totally reflecting surface of the water, 
the clip is released, and the water is allowed to run off until the 
needle-point just disappears from view. It now exactly touches 
the upper surface of the water and gives us a standard to which 
to refer. The specimen, which has been weighed upon a strong 
but accurate balance, is then lowered by a fine thread or wire 
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into the vessel, the water rising higher by the addition of its 
bulk. When all bubbles have disappeared, a graduated measur- 
ing-glass is taken, the divisions of which correspond to the units 
of weight used in the determination of the weight in air. Thus, 
if grammes were used, the glass will be graduated in cubic 
centimetres. Into this glass the water is run off until the needle- 
point, observed from below as before, again exactly touches the 
surface of the water. The amount run off gives the bulk of 
water (d) displaced. 

-, _ weight in air 
d 

To observe the second precaution, some rocks, such as porous 
sediments or pumiceous lavas, must be reduced to a powder and 
determined with the specific gravity bottle, the finest dust being 
sifted or blown off to avoid choking of the small tube in the 
stopper. 

To observe the third precaution, it is often well to pick up 
clean chips from specimens trimmed in the ti^ld, which, selected 
from a large number, will serve both for the determination of 
specific gravity and the making of microscopic sections. 

Since the range of specific gravity in rocks, the coals being 
omitted, rarely exceeds the limits 2*2 to 3*4, many very diverse 
rocks have the same specific gravity, and the results are not of 
value in absolute determination. But in the case of igneous 
rocks, provided that specimens are selected and examined from 
different parts of an exposure, an excellent idea can be formed, 
from the specific gravity alone, of the silica-percentage of the 
mass. 

II. Fusibility. — ^Though it is seldom desirable, on account of 
their complexity, to treat rocks before the blowpipe as if they 
were simple minerals, yet in a few cases the determination of the 
fusibility proves of service. The older writers relied, indeed, 
more upon this character than has since been thought desirable, 
and the nature of the glasses produced was closely studied. It 
is obvious that the application of the fiame, in the absence of an 
acid, will decide between a soft rock composed of silicates and a 
limestone, the former in all probability fusing to a glass while 
the latter becomes luminous and crumbling. The natural glasses 
also have various degrees of fusibility, the more highly siHcatod 
fusing with greater difficulty than the basic. Thus obsidian fuses 
at about 5 of von KobelFs scale, and tachylyte as easily as 2*5. 
Care must be exercised, however, in dealing with these glasses 
that the splinters used do not present unusually thin edges. 
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The interesting otwervationB of Berger and of Beudant showed 
that the treatment of Tolcanio glass in the flame of a blowpipe 
occasionally results in the formation of a pumice as fusion 
gradually takes place. (Trcma, GeoL Sce,f 1816, p. 191, and 
Voyage &n Hangrie^ 1822, vol. iii, p. 362.) 

The volatile materiaU thus liberated swell up the whole glass, 
until in some cases it almost riyals the intumescence of a borax 
liead. Professor Judd* found that the obsidian granules (Mare- 
kanite) of Marekanka, in biberia, may be converted into a pumice 
of eight or ten times their original bulk ; and similar results are 
obtamable with the lavas of Krakatoa. The experiment should 
be repeated, by way of comparison, on any specimen of volcanic 
glass. 

iu the case of an igneous rock that has undergone alteration, 
the fusibility can be of little service, since a very small admixture 
of hydrous minerals such as zeolites may suffice to considerably 
increase the fusibility of the mass. 

III. Hardnsss. — ^This important property, rendering the use 
of the knife imperative at idl times, has been already referred 
to on p. 93. 



CHAPTER XIII. 

THE CHEMICAL EXAMINATION OF ROCKS. 

A NUMBEB of ordinary qualitative tests may be applied to rocks, 
and the examination with acids, hot or cold, is naturally of great 
value in the detection of carbonates. 

Pure dolomites, such as at times occur among crystalline 
masses, will effervesce only when the acid is heated; but magnesia 
occurs in many limestones in which the acid test is unavailing. 
The ordinary dolomitic linieatoiies ohua eiTorvesce freely in 
cold acid, and the magnesia can only be safely determined 
by precipitation from solution by hydric disodic phosphate in 
the ordinary way. On the other haud, we must here repeat 
the warning that a rock which gives no effervescence when 
touched with strong cold acid may yet belong to the group 

• " On Marekanite," Oeol. Mag., 1886, p. 243 j also, ** The Natural His- 
tory of Lavas," ibid., 1888, p. 6. 
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commonly styled limestones, being in fact a dolomite ; and the 
resemblance, except in hardne^, of some of these rocks to com- 
pact grey gypsums or eyen quartzites makes it necessary to 
emphasise this caution. 

It is constantly of service to examine the compact or glassy 
groundmass of an igneous rock for potassiam, by the method 
described on p. 85, which has the advantage of giving roughly 
quantitative results. 

The treatment of a rock with acid is frequently important as 
revealing an insoluble residue, which should always be examined 
further. The division, however, of every rock into a soluble 
and insoluble portion, prior to analysis, is now regarded as of 
little value, and the ordinary plan pursued is to make a thorough 
fusion of a weighed quantity of the powder with carbonate of 
potash and carbonate of soda. The powder must be obtained by 
breaking up little fragments of the rock still further upon an 
anvil. An enlarged form of the steel mortar used in blowpipe 
analysis (p 40) will serve well. The material is ground and 
reground, a portion at a time, in a fair-sized agate mortar until 
the powder is practically impalpable between the fingers. Too 
much care cannot be given to this simple preparation of the 
material used in the analysis, since imperfect fusion may result 
if the particles are not sufficiently fine, and the silica ultimately 
separated will contain gritty undecomposed matter. Although 
the precautions and details of the methods employed must be 
left to chemical works and to personal practice, it may be 
of service to remind the reader of the successive operations 
performed during a simple rock-analysis, such as would suffice 
for ordinary determinative purposes. Naturally the list of 
substances that might be looked for and separately estimated 
in an elaborate analysis of material from the earth's crust is 
as long as that of the known chemical elements; but the 
proportions in which the below-mentioned oxides occur are 
often of fundamental geological importance. Unless, how- 
ever, such substances as manganese, titanium, barium, dtc, 
are separately determined, the analysis must be regarded 
as only approximate, and as serving for classificatory pur- 
poses rather than for refined discussion. This is clear from the 
detailed papers by Messrs. Clarke and Hillebrand, which should 
be in the hands of all who would analyse silicates (BtUl. U.S. Geol, 
Survet/y No. 176, price 15 c; also 167 and 168. See also 
Washington, Manual of the CJiemical Analysis of Bocks^ 1904, 
Wiley & Sons, New York). 
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BUMMART OF DbTBBMIMATITB GhBMIOAL ANALYSIS OF A RoCK. 

1. Loss on Ignition. — Dry the powdered rock in an air-bath 
at 110* G. ; transfer about 1 gramme to a platinum crucible, and 
determine the weight of the quantity thus used. Then ignite 
strongly over a gas blowpipe, cool in a desiccator, and weigh 
again. Ignite a second time and weigh, repeating this until the 
weight is constant The difference thus found is due to loss on 
ignition, which generally represents water. Where it is necessary 
to determine carbon dioxide, a sample of the powder must be 
decomposed by acid in an apparatus in which' either the gas 
eTolred is allowed to escape and is determined by loss, or in 
which it is collected in an absorption-tube by soda-lime and 
weighed. (See Hillebrand, op, oit, p. 101.) 

2. Silica. — Prepare a fusion-mixture by minutely mixing 1 3 parts 
by weight of potassium carbonate with 10 parts sodium carbonate. 
Add to the ignited powder in the crucible, or to a fresh sample 
if the heating has caused it to fuse or frit together, about four 
times its weight of fusion-mixture, mixing carefully and very 
thoroughly with a rod or platinum spatula. Fuse at first over 
a Bunsen-bumer, the lid of the crucible being kept on, and 
avoiding too great heat at the outset. Then apply the blow- 
pipe until the whole mass runs freely together and ebullition 
ceases. The flame should be directed obliquely, and should not 
envelope the whole crucible. 

Bemove and stand the orucible on a cool surface, such as an 
iron plate, so that the fused mass may crack away from the wall 
of the crucible. Place in a porcelain or platinum dish with 
hydrochloric acid and water, covering quickly with a clock-glass 
to avoid loss by effervescence of the carbonates. Warm, and 
allow to stand until decomposition is complete. Evaporate to 
approximate dryness in a water-bath (Gierke and ffiuebrand). 
Moisten again with strong hydrochloric acid, add water, and 
warm. The silica should now float about lightly in the liquid 
when stirred, while all the bases are in solution. Filter off the 
silioa ; evaporate the filtrate, treat as before, and add the small 
quantity of silica thutf obtained to that already in the filter. 
Ignite for about twenty minutes, and weigh. If gritty matter 
occurs amid the silica, the fusion has not been satisfactory, and 
the process must be begun again. 

3. Almnina and Ferric Oxide. — Add to the filtrate a few drops 
of nitric acid, in order to ensure the conversion of ferrous to 
ferric salts. Then add ammonium chloride, and ammonia in 
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very slight excess, and boil. Filter off the precipitate of alnmina 
and ferric oxide, obtaining the filtrate a. When thoroughly 
washed, re-dissolve the precipitate into another vessel, and 
divide the subsidiary filtrate thus obtained into two measured 
quantities. Thus it may be made up to half a litre by dilution 
in a marked flask, and 250 oo. may be drawn off with a pipette. 
In this portion precipitate alumina and ferric oxide as before ; 
filter, ignite, and weigh. Draw off 100 co. from the portion 
remaining in the flask, and determine the iron in this volu- 
metrically by means of bichromate or permanganate of potash. 
Make a check-determination by drawing off another 50 or 
100 ca Divide the weight of iron found by '7, which will give 
the weight of ferric oxide. Deduct this from the joint oxides, 
the alumina being thus found by difference. Ferrous and ferrio 
oxides must be separately determined in all exact analyses. 
(See especially Hillebrand, op. cit., p. 88.) 

4. Lune. — To the original filtrateo^ which must contain ammonia 
in excess, add excess of ammonium oxalate. Allow to stand for 
12 hours. Filter, and ignite strongly ; weigh, and repeat till the 
weight is constant The precipitate is thus converted into lime. 

5. Magnesia. —Ammonia being in excess, add hydric disodic 
phosphate to the filtrate, stirring verr carefully with a rod, since 
the precipitate clings to any parts of the beaker that may have 
been in the least degree abraded by touching. Stand for 12 hours 
and filter cold. Wash the precipitate wil£ a mixture of 1 part 
ammonia and 3 water, and ignite, the filter being burnt separ- 
ately in the lid of t^e crucible. Where a large quantity of 
magnesia is expected, a porcelain crucible should be used, to 
avoid injury to the platinum. The ignited precipitate is the 
pyrophosphate (Mgt Ft O7). To estimate as magnesia, multiply 

6. Potash and Soda.— These alkalies are best determined by 
the Lawrence-Smith method. Mix intimately 1 part of the 
powdered rock (about half a gramme) with one ])art of ammonium 
chloride and 8 parts of pure calcium carbonate. Heat for about an 
hour in a deep platinum crucible, which is best supported almost 
horizontally over a flat-sided Bunsen-flame, and under a conical 
iron shield. The flame must be applied very gradually at first 
to avoid rapid volatilisation of the ammonium chloride, and the 
temperature should at no time rise above dull redness. The 
decomposition is effected without complete fusion. Dissolve out 
the fritted mass in water in a dish and filter. The filtrate 
contains the metals of the alkalies in the form of chlorides, with 
some portion of the materials used in decomposition. 
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Precipitate the lime from the filtrate by ammonium carbonate ; 
filter and evaporate down, testing the filtrate as it becomes more 
concentrated with a drop or two of ammonium carbonate solution. 
If lime is still present, precipitate it and filter again. 

Evaporate to dryness in a small dish, and gently drive off by 
further heating the ammonium chloride and ammonium carbonate. 
A dark stain may appear, which is due to impurities in the 
ammonium carbonate, and may be neglected. Excessive heat 
must be avoided, lest a portion of the chlorides of the alkali- 
metals should be lost. Weigh the joint chlorides in the dish 
while the latter is still slightly warm. 

Dissolve up in water, add platinic chloride, and evaporate 
almost to dryness on a water-bath. Add alcohol, and allow to 
stand for some hours, the precipitate of potassium platinic 
chloride being insoluble in alcohol. Filter on to a weighed 
filter, wash with alcohol, and dry at 100*". Weigh with the 
filter without ignition. 

To calculate this precipitate as potash, multiply by *19272. 
Divide this result by *63173, which gives the weight of the 
potassium chloride in the joint chlorides. Deduct this from the 
joint weight and multiply the remainder by '53022. This gives 
the weight of soda. 
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CHAPTER XIV. 

THE ISOLATION OT THE C0K8TITXJENT8 OF BOOKS. 

In the case of a coarse-grained rock, clearly composed of hetero- 
geneous materials, it is not difficult to break out with the 
hammer or the pliers fragments or crystals of indiyidual con- 
stituents, which can then be submitted to special tests. It isi 
however, highly desirable that a microscopic section should have 
been previously prepared, in order that the purity of the crystals 
which are to be examined, and their freedom from enclosures, may 
be satisfisustorily ascertained. This precaution is especially neces- 
sary when chemical or microchemiocd tests are about to be applied. 
Where the selected grains are small and translucent, examination 
of them when mounted in water under the microscope will often 
assure the observer of their purity or the reverse. 

Many se<iimentary rocks, such as sandstones, can be broken up 
with the pliers or even with the fingers, and the grains spread 
out on paper for identification. Other rocks, such as clays, may 
be broken up after prolonged treatment in water, the materials 
of varying fineness being successively washed off into separate 
vessels, and an often valuable residue of larger grains, small 
fossils, &o., being finally left behind (see p. 198). 

When a rock is, however, compact and coherent, its con- 
stituents can be isolated only with difficulty ; and at the 
beginning of the present century a large number of masses were 
classed as homogeneous, or even as mineral species, which were 
in reality fine-grained rocks in which it seemed impossible to 
determine the constituents. To the French geologist Oordier 
we owe a series of researches that shed a vast amount of light on 
the constitution of the igneous varieties of such rocka Since 
the task he set himself was so eminently one of mineral-isolation, 
a summary of his work may be given appropriately here, before 
we discuss the modern methods by which such investigations 
have been facilitated. For if modern petrology appears to 
owe little to the men of 1800, it is not because these early 
researches were less accurate or in any way less laborious than 
our own, but because they were for a time forgotten by geolo- 
gists amid the excitement of palsBontological discovery. 

In the autumn of 1815, P. Louis Gordier read to the Academy 
of Sciences at Paris his Memavre sur lea substances minircUes dites 
en massef qui entrent dans la composition des Roches Volcaniques 
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de ioU8 le dges,^ Struck with the probability that the compact 
or more glassy matrix of Tolcanio rocks consisted of deter- 
minable mineral substances, he put before himself the following 
question: — *'Are the undetermined volcanic groundmasses 
mechanically constituted, and, in the event of it being possible 
to determine their mechanical constitution, what are the 
mineralogical units that compose them 1 " 

After many unsatisfactory experiments, Gordier had recourse 
to two modes of discrimination, the microscope and blowpipe- 
examination after the method practised by de Saussure. f He 
considered it probable that the particles produced on the breaking 
up of his volcanic groundmasses would belong to the common 
crystallised minerals that occurred in coarser specimens of such 
rocks. Hence he began by reducing well-known minerals to 
powder by pressure under a pestle, until he obtained samples 
in which the grains were from *05 to *01 millimetre in diameter. 
He then examined these under a microscope magnifying 15 or 20 
diameters, rotating the object-carrier so as to view each grain in 
several positions with regard to the light billing on it. The 
clearness of the characters displayed by the various minerals 
came to him as a welcome surprise. 

He examined in this way pyroxene, felspar, olivine^ titanic 
iron (much magnetite was probably included by him under this 
term), amphibole, mica, leucite, and hssmatite. He also tested 
the hardness of the grains, and their fusibility on de Saussure's 
kyanite splinter, and observed on the same support the action 
of one mineral upon another, placing the two grains under 
examination in contact with one another and fusing them in the 
same flame. 

In his comparisons of these types with the constituent 
granules of the groundmasses, he felt that local variations must 
be eliminated; hence he was careful to employ, as far as possible, 
the larger and identifiable crystals of a rock as guides in the 
determination of the particles of its matrix. We now know that 
such porphyritic crystals are apt to differ very widely from those 
of the *' second consolidation;" but even this precaution of 
Oordier is an illustration of the general refinement of his work. 

Under the head of volcanic rocks he included the products of 
active volcanos, of denuded cones, and of ancient centres which 
had been covered by marine deposits of the remotest age. He 
powdered up these rocks, microcrystalline or glassy, washed the 

* Journal de Phynque, t, Ixzxiii. (1816), pp. 135, 285, and 352. Abetraot 
by A. Brongniart in same journal, t Ixxxii., p. 261, 
tSee p. 46 of this volume. 
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particles so as to procure samples of suitable fineness, and sub- 
mitted them to the same tests as his typical mineral series. He 
extracted the opaque black granules with a bar magnet^* and 
referred them to his " fer titane," which contained only a very 
small proportion of titanium, and which corresponds in these 
rocks to oar magnetite and titaniferous iron oxide. Finding a 
small portion of the opaque grains not thus attracted by the 
magnet, he compared them first with chromite and melanite, and 
finally classed them as ilmenite. His preliminary assumptions 
were now fully justified, and he distinguished as the constituents 
of his *<p&tes litholdes" the minerals felspar, pyroxene, amphibole, 
mica, " fer titan^,** leucite, olivine, and hfematite. He also put 
an end to the idea that amphibole rather than pyroxene was the 
dominant black silicate in basalt and in tiie allied darkly 
coloured rocks. He finally divided his lithoidal lavas into 
" leucostines," in which felspar predominated, and "basalts," 
which fused to a black glass and in which pyroxene was 
abundant 

Gordier then compared in detail the granular and often 
schistose rocks known as petrosilex, com^nne, and trap, with his 
ancient and modern lavas, and concluded that the two groups 
had nothing in common, beyond a few familiar crystallised 
minerals. In the former group he notes as distinctive consti- 
tuents quartz, diallage, talc, chlorite, magnetite, iron pyrites, and 
pyrrhotine. 

He next turned his attention to volcanic scori», and proved 
their composite character with similar success, showing that the 
microscopic crystals in them were often embedded in a glassy 
matrix. His researches on truly vitreous lavas ought similarly 
to have gone far towards a rational treatment of such rocks; 
many glasses, however, have been regarded as minerals rather 
than mineral aggregates from the middle ages to the present 
day. Gordier traces admirably the passage from the compactest 
basalt to the black glass (tachylyte) for which he reserves the 
old name of *'gallinace.'' The more felspathio glasses that fused 
to a white or lightly coloured product he classes in distinction 
as obsidian. 

After an elaborate examination of the altered matrix (waoke) 
of many tuffs and amygdaloidal lavas, he sums up practically 
as follows; — 

That the mineral substances styled massive, forming the 

* Fleuriau de Bellevne alBO used the magnet, and may have determined 
hia minerals partly with the microscope. "Mteoire sur les oriatao^ 
microscopiques. *' i/oum, de Physique^ t. li. (1800), p. 442, 
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ground mass of volcanic rocks, are, with the rarest exceptions, 
composite in character. 

That their constituents are microscopic crystals and glass. 

That the crystals helong to the common species ahove given. 

That the vitreous groundmasses probably contain material 
the further development of which would have produced the 
lithoidal types. 

That in many altered volcanic rocks the materials are held 
together by foreign matter interposed in very minute particles. 

That the sixteen types of rock which he establishes are con- 
nected one with another by a siifSciently complete series of 
intermediate types. 

That the volcanic rocks have no analogy with those called 
petrosilex and trap. 

That the differences alleged to exist between ancient and 
modern lavas are entirely superficial, and consist only in minute 
modifications of texture; vacuoles are thus always present 
between the constituents of modern lavas, while in the older 
examples they have become rare or completely absent through 
infiltration. 

Although Cordier probably exaggerated the points of difference 
between some truly igneous " traps " and his volcanic series, yet 
his general conclusions were in the highest degree philosophic ; 
and it is indeed pleasant to refer to his classic memoir as an ex- 
ample of what may be done in determinative geology by the union 
of scientific method with the simplest means. (See also p. 132.) 

The crashing of crystalline rocks, with a view to the micro- 
scopic examination or isolation of their constituents, may be 
performed between folds of smooth cloth or even paper, to avoid 
the introduction of extraneous metallic or mineral n)ateria); but 
a hard steel anvil and hammer generally suffice. 

The powder of the rock, which must be fairly coarse, is passed 
through sieves of various mesh, until a sample is procured, as 
coarse as possible, in which each grain consists of only one 
mineral species. For this purpose the sieves used in chemical 
laboratories are convenient, several fitting one above the other ; 
the crushed mineral is placed in the topmost, which has the 
widest mesh, and, the whole being shaken, each sieve selects a 
sample increasing in fineness till we reach the lowest pan. 

The objection to the use of sieves lies in the fact that some of 
the constituents may be much more friable than others, and 
hence for quantitative purposes no one sample may be satis- 
factory. The contents of each sieve must be examined in order 
to determine if any mineral has become eliminated from this cause. 

8 
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The sample, when selected after examination with the lens, 
may be picked over by the aid of that instrument^ or upon the 
stage of a microscope with a low power. A fine brush should 
be moistened with water (Dr. Sorbj recommends glycerine) and 
brought in contact with the grain to be picked out It is then 
dipped just below the surface of distilled water in a watch-glass, 
and the grain is at once detached and sinks. 

In this way, by care and patience, a quantity of any one 
constituent can be accumulated, sufficient even for a chemical 
analysis. But for merely qualitative tests a very few grains 
will be sufficient, and excellent material can be quickly obtained 
to which microchemical reagents may be applied. 

The removal of light material, such as clay, 
fine dust, d^, from heavier or coarser con- 
stituents may be performed by washing, as in 
an apparatus described by M. Thoulet * (fig. 
12). A large tube, a, terminating in a tap 
below, is fitted with a rubber cork through 
which a finer tube, h, passes. A tube, c, 
opens through the side of a. The powdered 
^!^^ material is placed in a and water is intro- 

W'^"^^ I duced through h. This rises in a and flows 

m^ €t over at c, carrying with it, if the operation is 

^ sufficiently prolonged, all the light substances 

' thus washed out of the material. 

In separating minerals of different specific 
gravities, water is introduced at c and flows 
out up h when a has become fulL This cur- 
rent keeps the powder well disturbed, and by 
regulating it none of the material escapes up 
h. Check the flow gradually, and the grains 
of different characters will descend succes- 
sively, forming distinct layers at the bottom. 
These can be drawn off by the tap, and a fairly 
pure amount of any particular constituent 
can be collected. Plate-like minerals, such 
as mica, will probably appear among the 
upper layers. It is clear that simple forms 
of such an apparatus can be constructed with glass tubes, corks, 
rubber tubing, and a clip to act as a stop-cock. 

Prof. Derby, in 1891, showed how an ordinary miner's pan 
will suffice to separate a good quantity of the heavier minerals 
from a powdered rock. Dr. G. P. Grimsley ("Granites of Cecil 
^ ** StfparatioQ mteanique. '* Buil 8oc. Mm, de France t. ii (1879), p. ^, 




Kg. 12. 
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€k>., Md.," Jowm, CincmnaU Soc. Not, Hist, 1894) used a pan 
12 inches in diameter for his work on granite soils. The powder 
is well stirred with water, and the earthy portion poured off; 
the granular residue is stirred with more water, ^* by a combina- 
tion of a spherical and elliptical movement of the pan." Then, 
by a quick side-movement, the water is thrown off, carrying the 
lighter minerals and the floating mica. Repeat until only a 
small residue is left, which contains the heavy minerals. 

The various methods of decantation and separation by washing 
in moving water, which have been adopted for the mechanical 
analysis of soils, are well discussed by Wiley (Frindplea o/Agric, 
Afudysisy vol. L, 1894, pp. 171-247). Simple but systematic 
methods of decantation in ordinary beakers appear to be as 
reliable quantitatively as far more elaborate methods. 

Oordier extracted some constituents by the use of the magnet 
(p. 112) after washing. Composite grains, containing only 
minute particles of magnetite, may be taken up, but can be 
picked out if the iron oxide itself is required to be pure. It is 
useful to cover the end of the magnet with a sliding cap of tissue* 
paper. This is kept in contact with the end while passing over 
the powdered rock, and the magnetic particles adhere to it. On 
withdrawing the magnet to the collecting- vessel, the cap is 
thrust forward and the material falls off into the vessel. 

M. Fouqu^* uses an electro-magnet, connected, if necessary, 
with six Bunsen-cells. By graduating the strength of the 
current, the constituents of a rock can be fiurly sorted ; first 
the magnetite, then the pyroxene, the olivine, and the felspars 
and allied minerals which contain traces of magnetic substances. 
A residue of felspars and '< felspathoids " remains. The glassy 
matrix of igneous rocks is the most common source of error ; i£ 
it is pyroxenic, it may, by inclusion in the felspar, cause the 
removal of a large quantity of the latter, leaving only the purer 
quality ; but in many cases it is highly silicated and scarcely 
ferriferous, and cannot be separated from the felspars that are to 
be tested by Szab6's or other reactions. Microscopic examina- 
tion, then, must decide on the suitability of such selected 
material for refined determinative tests. 

In practice with Fouqu^'s method, the ends of the electro- 
magnet may be covered with thin paper, to prevent the adhesion 
of non-magnetic particles to any moisture on the surface of the 
iron. The powder is placed on a large card and jerked about 
close under the poles. When a certain amount of material has 

* <*Noaveaax prooM^ d'analyse mediate des roches." M^moirtspri- 
mMUapar diver savants d PAcaa. des Sciences, t, xxzii, Xo. U. See alsg 
Jftn^o^o^tf MiGTographi^ue* 
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been attracted, the card is withdrawn and a clean card or paper 
substituted ; the current is then interrupted, and the particles 
fall off and are collected. 

M. Fouqu6 has separated by this process microscopic prisms 
of felspar, the presence of which was not revealed in the rock 
even when a strong lens was used; but a small quantity of glassy 
matrix always remained associated with them. In this case the 
experiment was made upon an impalpable powder.* 

The possession of the heavy Uqoids described on pp. 29 to 31, 
the earliest of which was introduced by Sonstadt for the deter- 
mination of specific gravities and the separation of gems from 
sand, has given to geologists a most valuable method for the 
isolation of the constituents of rocks. It is clear 
ir that if we prepare a solution of density inter- 
g mediate between the densities of any two con- 

stituents, one of these will float up to the surface 
while the other will sink. If the lighter mineral 
is the only one to be collected and examined, the 
operation may be performed in an ordinary beaker 
and the surface - material skimmed off with a 
spatula. For economy of the liquid, the beaker 
should be fairly narrow, since some depth of liquid 
must be used to allow of perfect separation. If 
Klein's convenient borotungstate of cadmium solu- 
tion is used, the powdered rock must be treated 
beforehand with dilute acid to ensure the removal 
of carbonates. 

The material must be well stirred on immersion, 
and both top and bottom layers stirred later to 
prevent entangling of inappropriate constituents 
in either. The particles when removed must be 
well washed with distilled water, or with benzene 
if methylene iodide is used in the separation ; the 
washings are collected in a dish and evaporated 
down until a concentrated liquid is again obtained 
for future use. 

The material separated, when washed and dried, 
should be carefully searched over with a lens or low microscopic 
power, since some composite grains are sure to be included. Any 
doubtful object must be rejected if a quantitative analysis is 
contemplated ; or, for ordinary qualitative tests, only the purest 
grains must be selected. 

* M. Fouqn^ also notes that, contrary to expectation, chlorite is not 
picked out by the electro -magnet. 
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Bat in the majority of cases more delicate means of separation 
will be required, and one of the neatest methods has been 
devised by M. Thoulet* (fig. 13). A glass tube, a, 15 mm. in 
diameter and about 30 cm. long, is graduated in cubic centi- 
metres. At its base it is prolonged by a narrower tube, b, in 
which are two taps. Between the taps a tube, c, enters, bearing 
above a rubber prolongation, which is closed at will by a piece 
of glass rod thrust into the end. The tube, a, can be closed by 
a rubber cork through which a tube passes which may be 
connected with an air-pump. t 

To perform a separation, a quantity of the dense liquid is 
poured into a. The powdered rock is added, the air-pump is 
applied so that the particles may be freed from bubbles, and the 
minerals of greater specific gravity than the liquid will fall to 
the bottom. 

These are drawn off through the two taps. After each drawing 
off of the heavier particles, the tap d is closed, and the liquid 
that has run out is drawn up once or twice into b by sucking 
some of the air out through c. In this way the last particles are 
washed down out of b into the receiving vessel A fine tube 
bent upwards at the end, through which water is allowed to run, 
also serves to wash out b ; but the liquid becomes thus further 
diluted and requires a longer process of concentration before it 
can again be used. 

e is then also closed ; and water can be added from above until 
the liquid is sufficiently diluted for a fresh mineral to descend. 
To procure a solution of particular density, the amount in the 
tube a is read off, and water is added according to the following 
formula : — 

VoIiuDe of ) VoU of Mqiiid x (Dena it y of Uqnld - Penalty of required mtotore) 
muer addedf *" Density of liquid - 1 

The two liquids are mingled by opening the tap d and blowing 
lightly through c. 

For ordinary purposes simpler apparatus works extremely 
well. Thus Herr T. Harada, about 1881, used what is practically 
an ordinary separating-funnel of the shape of a pear rather than 
a globe. The stopper at the top and the tap below permit of the 
thorough mixing of the liquid and the powder by agitation, 

* "Separation m^canique des divers dl^ments min^ralogiques des roches." 
Bva. Soc. Mm. de France, t. ii (1879), p. 17. The apparatus is sold by 
Daginconrt, 16 Rue de Toumon, Paris, for 35 franns. 

t It must he remembered that rubber tubes and stoppers should not be 
used with liquids that require to be diluted with benzene. 
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though oare must be taken lest particles remain dinging to the 
sides of the vessel above the surface of the liquid. The objection 
to the use of taps is, however, obvious, and becomes more and 
more forced on one in practice. It is difficult, moreover, to get 
a tap of sufficiently large bore unless the instrument has been 
specially made. The tap of Harada's apparatus may be got rid 
of by substituting a piece of rubber tubing and a spring-clip, such 
as are often used with burettes. The portion below the tap or 
clip must be carefully washed out, to prevent the accumulation 
there of crystallised products from Klein's solution, which will 
check free action when the liquid above has to be drawn off. 

The power of closing the vessel by a stopper above is useful 
in preventing the too rapid flow of the solution, since the 
outfall of the heavy particles on the opening of the lower orifice 
can only occur as air rises through the liquid into the upper 
part of the vessel But very many useful separations can be 
performed in the simplest possible manner in an ordinary open 
chemical funnel about 8 cnu across. A. rubber tube and clip are 
fixed at the outlet of the funnel, and, in place of shaking, the 
powder and the liquid are mixed by stirring with a rod. The 
clinging of particles to the sides of the funnel and glass tube 
causes occasional errors, and all such sluggishly ascending or 
descending grains must be touched and kept moving with the 
glass rod. The rubber tube must be removed and thoroughly 
cleaned before putting the instrument away ; a bent tube, like 
that used with Thoulet's apparatus, serves well to wash out the 
part below the clip during each successive separation. 

Dr. J. W. Evans {Qeol Mag., 1891, p. 67) has found the 
following a safe and tnorough method of removing the heavy 
minerals without drawing off any of the upper material : — Take 
a thistle-headed funnel or pipette, the tube of which is &irly 
long and will fit into that of the separating funnel from above. 
Surround the end of this with a piece of rubber tubing, so that 
it can be thrust down into the upper part of the neck of the 
separating-funnel and will there act as a stopper. When the 
separation has taken place in the liquid, and the heavier 
minerals are all resting in the tube of the separating fUnnel, just 
above the clip, insert this stopper, which should be closed during 
its descent by a piece of glass rod thrust down into it from above. 
Then remove the rod, open the clip, and the heavier materials will 
come out as usual, but without any necessity for precaution in 
their release. Pour distilled water down the tube of the stopper, 
and the tube of the separating-funnel will be thus efficiently 
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washed out. Close the clip, remove the stopper, and a second 
separation can be made by further dilution of the liquid.* 

Mr. W. F. Smeethyt however, successfully dispensed with both 
clips and taps. He uses an urn-shaped vessel with sloping sides, 
closed above by a large stopper and open below, the contracted 
base being ground so as to fit into a tubular bottle, which has an 
expanded lip and which acts as a support An extra glass- 
stopper with a long handle is made so that it can be passed 
through the upper opening of the urn and thrust down so as to 
close the passage into the bottle. The dense liquid and the 
powder are shaken together in the instrument, the ordinary 
stopper being in its place and the urn and bottle remaining 
connected. The heavier particles will thus descend into the 
bottle. Now pass in the long stopper, moving it in the liquid 
as it descends so as to free it from any adhering particles of the 
lighter material ; close the base of the urn with it and lift off 
the urn from the bottle. The two classes of materials are thus 
efficiently separated from one another. If the urn is now fitted 
into a second and similar bottle, a further separation can be 
proceeded with by removing the long stopper and diluting the 
liquid to the requisite amount. Mr. Smeeth informs us that 
the instruments were made for him by Messrs. Becker, of 
London. He suggests as the simplest type of this apparatus an 
ordinary funnel out down so as to leave a stem half-an-inch in 
length. This is connected by a piece of rubber tubing with a 
glass tube which serves as the receiving bottle. The materials 
are mixed with the liquid in the funnel; its lower orifice is 
closed by a glass rod carrying an india-rubber cork at the end ; 
and the rubber tubing can then be pulled away safely from the 
shortened neck of the funnel, the two parts becoming thus 
disconnected. 

Herr A. Hauenschild has recently invented a very compact 
and efficient apparatus, consisting of a large glass tap, with two 
lateral notches instead of a central opening, whereby the passage 
of .particles is facilitated. Each end of the short wide tube in 
which this tap is placed is ground, and over each a tubular 
vessel with a foot is fitted. The upper and lower ends of the 
instrument are thus identical, except that one is inverted, its 
foot remaining upwards. The liquid and powder are placed in 

* Mr. H. Hartley haa described a neat instrument of this type, whioh 
aToids the use of rubber {Min, Mag.^ vol xiv., 1905, p. 69). It is made by 
Meesn. Miiller, Orme ft Co., London. 

t Scientific Proceedings qf the Royal Dublin Society, vol. vi. (new series ; 
1888), p. 58. SoUas, TrwM, R, Irteh Acad., voL zxiz., p. 430. 
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the lower vessel, into which the central tube, containing the 
closed tap and supporting the upper inverted vessel, is now 
fitted ; the instrument is then inverted, and, in due course, the 
heavier particles can be drawn off into the second vessel, which 
is now below. Hauenschild's separation-apparatus is sold by 
Mueticke, 58 Luisenstrasse, Berlin, for 12 marks. 

Prof. Soll&a (Natu/re, vol. xlix., p. 21 1) has shown how particles 
may be removed from any zone of his diffusion-column (see p. 31), 
by inserting a pipette of 1'5 mm. bore, plugged at its base by a 
stem of Esparto grass, round the end of which a little unravelled 
ootton thread is wound. This stem is inserted from above ; the 
pipette is thrust down until its end lies against the grains to be 
extracted; the plug is then pulled back slowly, and the fluid 
and grains follow it into the tube. A very thin glass rod, bent 
up at one end into a crook, is then thrust down parallel to the 
pipette, and the crook is pulled up so as to enter and plug the 
bottom of the pipette. Now remove both together, clean off 
foreign grains ft*om the outside of the pipette with blotting- 
paper, and wash out the collected and isolated grains. 

Where a liquid of high density is required. Dr. J. W. Retgers 
has recommended the use of certain easily fusible salts, on which 
he has made a careful series of experiments. In 1893 {Neues 
Jakrb. fUr Min,, 1893, Bd. i., p. 90) he introduced thallium 
silver nitrate, which melts at 75 0., giving a density of nearly 
5*0. It can thus be manipulated on a water-bath, and can be 
diluted by water, added carefully drop by drop. Sulphides, 
however, are attacked by it. The joint thallium nitrate and 
acetate, melting at 65* 0., with G. — 4*5, gave also good results 
(^euea JahrK, 1896, Bd. i, p. 212). In a later paper (Ihid,, 
1896, Bd. ii., p. 183), Retgers recommends mercurous nitrate 
as cheap, melting at 70* C, with G. = 4*3. Quickness is neces- 
sary during a separation, as some decomposition of the salt 
occurs. The most satisfactory salt is now reported to be thallium 
mercurous nitrate, melting at 76^ 0., with G. = 5*3. This can 
be diluted with water, and has no effect on sulphides. 

The procedure is to effect the separation in the melted salt in 
a test-tube, with a fair depth of liquid. When the heaviest 
minerals have sunk, remove from the water-bath, and dip the 
outside of the test-tube into a glass of water, moving it about, so 
as to cool it quickly. This prevents the minerals from floating 
up again during the rise of density on cooling. Then break out 
the bottom of the tube, remove the glass-fragments, and melt off 
the lower layers into a beaker by means of an obliquely 
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directed flame. The separated heavy minerals can now be 
cleaned by washing. 

Messrs. Penfield and Kreider {Amer. J. Set,, vol. xlviii., 1894, 
p. 143, and vol. 1., 1895, p. 446) describe improved apparatus for 
conveniently effecting the separation. 

Another, but more risky, method of isolating particular 
minerals from the powdered rock consists in the use of acids. 
It is easy thus to extract the silicates from cipoUino or calci- 
phyre by dissolving the surrounding carbonates with dilute 
acetic acid; but stronger acids are likely to destroy some of the 
minerals that are to be ultimately examined. It is obvious that 
the nature and strength of the solvent used in each instance 
must be left to the judgment of the observer. 

M. Fouqu^* employed hydrofluoric acid in the isolation of the 
minerals of the lavas of Santorin. He placed about 30 grammes 
of the rock-powder, from which the finest and the coarsest 
particles had been sifted oS, in a platinum dish into which con- 
centrated hydrofluoric acid had been poured. The materials 
were inserted cautiously and stirred together; the process of 
decomposition was arrested at any required stage by pouring in 
water and washing off thus the fluosilicates, fluorides, and 
gelatinous products that had been formed. The materials, when 
washed, should be rubbed with the finger under water to free 
them fit)m the last traces of the jelly. 

In this way the amorphous glassy matrix may be removed 
from around many minerals, though it may be difficult to 
free felspars completely from it without seriously attacking the 
crystals. The ferro-magnesian minerals are attacked only after 
long immersion; hence they can be isolated from quartz and 
felspar with comparative ease. The acid is thus found to attack 
first the glassy matter, then the felspars, then quartz, and lastly 
the ferro-magnesian group (pyroxene, amphibole, olivine) and 
magnetite. 

The determination of the proportionB in which particular 
minerals are present in a rock can of course be effected by 
weighing the original powdered material and the successive 
groups of isolated constituents. Delesse f long ago employed a 
rougher method, which is simple and very reasonably accurate. 
It is thus of especial value to observers far removed from refined 
apparatus. Delesse chose a plane or even polished surface of the 

*Fouqu^ and L^vy, MirUralogit Micrographique, p. 116. 

t**ProoAi4 m^anique pour determiner la composition des roches." 
ArmcUes dea MineSj 4me. s^r. tome xiiL (1848), p. 379. Published also with 
trifling variations at Be8an9on, 4to. 
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rock, or in special investigations the six surfaces of a parallelo- 
pipedon out from it. He covered each such surface with a sheet 
of goldbeater's skin or fine paper, increasing the transparency if 
necessary bj soaking the covering and the &oe of the rock in oiL 
The covering was affixed with gum. 

The outlines of the minerals were then traced through with a 
pencil or fine pen, and the various minerals were coloured with 
different tints. The tracing was removed from the rock and 
gummed to a sheet of lead or tin-foil. The outlines were cut 
round with a pair of scissors and the pieces of the same tint were 
sorted together. To avoid errors due to irregular thickness of 
the gum and paper, each sorted group was treated in water and 
the fragments of the foil were alone finally used. 

These groups of fragments were then weighed and compared 
with the total weight of foil that corresponded to the area or 
areas of the rock selected, the proportions of each mineral being 
thus ascertained. Del esse found it convenient to estimate fine 
lamellar minerals, Buch as mica, by difference. 

When a good balance is at hand, the paper may probably be 
cut out and estimated directly, without transference to the foil. 
The modem method has been to employ a thin section of the 
rock under the microscope, to draw the field seen with a camera- 
lucida or neutral tint reflector, and to weigh the various parts 
of the dissected drawing upon a chemical balance. 

One of the most interesting results of such investigations is 
that mentioned by Delesse, who found that minerals of a striking 
or rich colour are present in much less proportions than the 
appearance of the rocks containing them sectms to indicate. 
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CHAPTER XV, 

THS PBTBOLOOIOAL MI0RO8OOPE AND MI0B08GOPIC 
PREPARATIONS. 

The mioroBcope may be regarded as the one expensive piece of 
apparatus in the otherwise modest equipment of the geologist ; 
but a good instrument will obviously last a lifetime. While the 
details of the stand required have been made the special care of 
certain well-known makers, it is possible to procure first-class 
objectives second-hand, and to fit them as one's needs extend. 

The essential points of the microscope used by geologists are 
as follows : — 

(1) A good polariser and analyser, both so fitted as to be almost 
instantaneously brought into position or again removed ; the 
analyser may be above or below the eye-piece, the former, or 
" eye-piece analyser," being most suited for observations with the 
quarter-undulation plate or the quartz wedge when crystals are 
studied in convergent light. The outer flange of the polariser, 
and of the analyser if this also rotates, must be graduated at 
every 90% so that the position of *' crossed nicols'' can be easily 
found. In this position, when the shorter diagouals of the 
calcite prisms constituting the nicols are at right angles to one 
another, the field of the microscope should be dark until some 
crystalline substance is placed above the polariser. 

(2) Either the stage of the microscope must rotate, or the two 
nicols must be arranged so as to rotate together, as in the re- 
markable instrument now made by Messrs. Swift & Son, at the 
suggestion of Mr, Allan Dick, In either case, the orientation of 
any crystal in a section with regard to the diagonals of the nicols 
must be ascertainable by means of a graduated circle and an 
index. If the stage rotates, as in most instruments, its edge is 
marked off in degrees (fig. 14). 

(3) There must be cross-wires or ''spider-lines'* in the eye- 
piece, and a pin must project from the eye-piece and fit into a 
slot in the main tube, so as to prevent any rotation of the wires, 
which are parallel to the diagonals of the crossed nicols. 

In addition, an easily removable achromatic condenser should 
be fitted in the aperture of the stage above the polariser, so 
as to converge the light upon any crystal brou^t into the 
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Fig. 14. — Petrological microscope with rotating stage. 
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oentre of the field.* Some means, of focussiDg it within a short 
range should he supplied, and it is a great convenience when 
working with high powers if it can be retained as an ordinary 
condenser whether the polariser is in use or not. If the figures 
viewed in convergent polarised light are to be seen with the eye- 
piece, a lens of suitable focus is inserted when required into a 
slot above the objective. 

A quaitz wedge, the longer direction of which is parallel to 
the Tertical axis of the crystal from which it was cut, is a very 
useful accessory. Such wedges are sold for about 20s., and should 
show, when placed between crossed nicols, a regular gradation 
of colours from the grey of the first order of Newton's scale at 
the thin end up to the pink and green fourth-order colours at the 
thick end These colours should not, as in wedges of too steep 
an angle, be crowded together towards the thinner end. 

In other points the geologist's microscope resembles the 
ordinary instrument. A nose-piece carrying two or three ob- 
jectives is invaluable. Owing to the limits imposed by the 
thickness of rock-sections, very high powers are out of place. 
If only two objectives are at first purchased, there is little doubt 
that they should be those styled 2-inch and ^-inch. If a series 
is available, the following are recommended : — 2-inch, 1, ^, ^, and 
^ or ^inch. The rack used in focussing should be long enough 
to allow of the use of a 3-inch objective, which is occasionally re- 
quired, particularly when a slide illustrating rock- structure has 
to be studied. The higher powers are necessary for the study of the 
groundmass of rocks and for use with convergent polarised light 

If a rotating' stage is used, some form of centring is desirable. 
The adjustment may be made by two screws in the collar into 
which the objective fits, or similarly by an arrangement beneath 
the stage itself In all cases it is necessary that an object 
viewed with an ^inch objective should remain in the field 
throughout a rotation of the stage, and should, if placed on the 
intersection of the cross-wires, barely deviate from that position. 

The difficulties arising from this petrological requirement 
have been met by microscopists in two brilliant and different 
manners. Nachet of Paris divides the main tube of the instru- 
ment in two, supplies a double arrangement for focussing, and 
carries the objective with its adjustment on a pillar attached to 
the rotating stage. Thus the centre of the objective is always 
in precisely the same relation to any object in the field, since it 
rotates with the slide itself. This system has also been success- 
fully adopted by Messrs. Orouch & Oo., of lx)ndon. 

* A ^-inch objective, supported inverted under the slide and above tl|^ 
polariser, serves to produce the characteristic figures. 
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In 1889 Mr. Allan Diok* brought forward the instrument 
already referred to (fig. 15), the details of which were worked 




Fig. 16. — Petrological microscope with fixed stage and rotating nicols 
and oroBS-wires. 

out by Messrs. Swift <b Son, of London. The stage is fixed and 

♦ " A new form of microscope." AfinercUogical Mcujozine, vol. viii., p. 
160. A complete description by Mr. Dick is also published by MpsBri, 
Swift & Son. 



Digitized by LjOOQIC 



THE MIOROBGOPS. 127 

of an ordinaxy compact aize; while the eye-piece with its 
cross-wires, and bearing the analyser aboYe it, is connected 
by toothed wheels and a rod with the polariser below the 
staga With the finger touching one of these toothed wheels, 
the observer causes the nicols and cross-wires to rotate to- 
gether, and the yibration-directions of the nicols are thus 
brought parallel to particular directions in the crystal under 
examination, an arrangement that renders unnecessary the rota- 
tion of the crystal itself The necessity for adjusting any 
particular power, however high, until it is exactly centred is 
thus entirely done away with. 

The converging lens slides in and out in a groove out in the 
stage ; and a number of other ingenious details make this petro- 
logical microscope the most remarkable that has appeared since 
that of Nachet, and certainly the compactest and most con- 
venient of any at present in the field It is adapted, however, 
to higher requirements than those of most geological students, 
for whom the various types of strong instruments with well 
centred stages provide all that is necessary in ordinary work. 

It is often useful to examine small crystals or grains by 
reflected light under a power of 1-inch or 11-inch focus. For 
this purpose the little support suggested by Mr. T. H. Holland* 
serves admirably and is easily made. A hemisphere is cut out 
of cork, about ^ inch in diameter, and a small hollow is sunk 
in the centre of the flat side. The object to be examined ia 
fixed in this hollow by a little wax so that it occupies the exact 
centre. If the hemispherical surface is allowed to rest in the 
circular aperture of the stage of the microscope, the support may 
be turned about in all directions without the object passing out 
of view or out of focus. Mr. Holland suggests a further use for 
this support By turning out a conical hole completely through 
the hemisphere, widening below, " this simple contrivance may 
be employed in transmitted light, for adjusting sections of 
crystals which are supposed to have been cut in any particular 
direction ; but which, as is almost always the case, only approxi- 
mate what they are represented to be. Suppose, for example, a 
section of a doubly refracting uniaxial crystal is required, normal 
to the optic axis. Then by employing the hemisphere, the 
section can be so adjusted that its optic axis is exactly parallel 
to the line of collimation of the instrument.*' 

Small objects such as sand-grains may be examined dry upon 
a glass slip^ or by transmitted light when mounted in water 
under a cover-glass. Should it be desirable to preserve th^ 
*Scienee Gomp, No. 291 (March, 1889), p. 53. 
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specimens, objects for reflected light should be mounted as 
follows : — A slip of cedar-wood or mahogany, of the same size as 
the ordinary microscopic slide, and slightly thicker than the 
objects to be examined, has a circular hole bored through its 
centre. It is then backed by a thin piece of card blackened on 
the side that shows through the aperture. The objects may be 
fixed by miuute drops of gum to this dull black ground in any 
suitable position. Care must be taken to prevent the gum from 
rising on to the sides of the objects and imparting to them an 
artificial appearance of polish. Tiny supports of blotting-paper 
soaked in gum can be folded into any shape when moist, and 
will prop up a minute specimen in any required position. 

For use with transmitted light, the objects are mounted in 
Canada balsam, which has a refractive index sufficiently high to 
prevent the dark- bordered effect and imperfect transparency 
noticeable when air or even water surrounds the specimens. 
With delicate objects the balsam must, be diluted with benzole 
and the cover-glass gently laid on the top. The slide must then 
be dried at a temperature of about 72"* C, the spirit being thus 
driven off. To ascertain if the process has gone sufficiently far, 
pick up from time to time with a splinter or match-stick a little 
of the balsam exuded round the edges of the cover-glass. 
Directly the sample thus removed is cold, press it with the 
thumb-nail. If it is brittle, the whole balsam will become hard 
and firm on cooling, and the slide may be removed from the air- 
bath in which it has been drying. 

If the objects are strong, like sand-grains, the balsam may be 
dried previous to use. A little is softened by heat, and the 
objects are allowed to sink in it on the slide. The cover-glass is 
laid on while all is warm, pressed down, and the slide is laid 
aside to cool. Care must be exercised to prevent bubbles from 
forming in the balsam or the mass from becoming too brittle 
and discoloured by over-heating. 

Very often the pressure used in placing the cover-glass in 
position forces the loose objects outwards or to one side of the 
preparation. Mr. H. C. Sorby ♦ recommends the following 
remedy: — " Having placed a small quantity of dissolved gum on 
the glass plate, the requisite amount of the deposit is taken and 
mixed with the gum and sufficient water to make it easy to 
separate the grains and spread them uniformly over the space 
which will afterwards be covered by the thin glass. The water 
is then allowed to evaporate slowly, and though much of the gum 
collects round the margin, by properly regulating the quantity 
* Presidential address to Royal Microscopical Society, 1877* 
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originally added, enough remains under the larger grains to hold 
them so fast that they are not squeezed out with the excess of 
balsam." 

The gum should be in so small an amount as to be invisible, 
after the mounting is completed, except on an examination of the 
under side of the preparation. 

It is scarcely necessary to remind workers that the water used 
in any treatment of microscopic objects must be distilled, since 
on the evaporation of ordinary water all manner of crystalline 
salts are deposited upon the objects. 

To remove the balsam exuded round the edges of the cover- 
glass, the whole is allowed to become hard ; the more prominent 
parts may then be chipped off readily with a blunt knife, the 
point of which must be kept clear from the edge of the cover; while 
the slide is finally and neatly cleaned with a tooth-brush dipped 
in methylated spirit Wipe and dry at once with a soft duster. 

Where microscopic sections are required, the preparation of the 
object is often a matter of considerable time. In the case of 
fragmental substances, an ingenious method suggested by Dr. 
Wallich * may be applied after a little practice. A small glass 
slip, or square cut from plate glass, is laid upon a metal plate over 
a spirit-lamp. A drop of nearly dried balsam is softened upon 
this by heal^ and a plate of mica is laid on it, becoming thus 
cemented to the glass. The small objects of which sections are 
to be prepared are then embedded in further balsam upon the 
mica surfsM^ and arranged in any suitable position. When this 
balsam is cold and firm, the glass is used as a handle by which 
the objects can be held during grinding. A flat surface is then 
given to them as they lie in the balsam by rubbing with water 
on a hone made of Water-of-Ayr stone. When they appear 
properly rubbed down, the surface is washed and dried, and the 
glass is again lightly heated. As soon as the heat softens the 
lower film of balsam, that between the mica and the glass, the 
mica must be lifted up with a pair of forceps and turned over on 
to an ordinary microscopic slip on which a little balsam has been 
heating. The ground surface of the objects is now downwards, 
and they become fixed on cooling to the glass slip in the positions 
originally selected. When cold, use the new slip as a handle, 
flake off the mica lightly with a knife, since it now forms the 
surface-layer, and grind the newly exposed side of the objects in 
the same maimer as before. When transparent sections have 
been thus prepared, wash, soften the balsam by gentle warming, 
and affix the cover-glass. For details concerning the making of 
* Ann. and Mag, Nat. HUU, 3rd ser., vol. viii. (1861), p. 68. 
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sections of delicate objects by such methods, see Chapman (Scien- 
tific NewBj vol. i., London^ 1888, p. 452) and Stober {TravcMx du 
laborcUoire min^aloyique de Vuniversiti de Oand^ 1899). 

The same principles are involved in the preparation of sections 
of minerals and rocks such as are ordinarily examined by the 
geologist.* A conveniently thin chip is chosen, and a smooth 
surface is given to it on one side. For this purpose it is held in 
the hand and rubbed down with emery and water on a piece of 
plate-glass about 12 inches square. Emery, of the coarseness 
known as '<60-hole," may be used at first; then <*90-hole"; and 
then a carborundum hone, with two surfaces of different 
fineness. The specimen must be washed on transference from 
each grade of material to the next. When objects, such as 
the bars of a window, can be seen refiected in the prepared 
surface, this first stage of the process may be considered 
as finished. The chip is now cemented, the polished surface 
downwards, by means of Canada balsam f to a glass handle, 
preferably a piece of plate-glass about 1^ inches square. When 
the cement has become hard, no trace of bubbles should 
appear between the surfaces of the specimen and the glass. 
If present, they will gleam, as seen through the glass, like 
little mercurial globules, and must be got rid of by further 
heating and probably by the application of more balsam. The 
surface thus finished and cemented down forms one side of the 
section ultimately prepared. 

The outer side of the specimen is now similarly ground away, 
the finishing touches being given with a carborundum hone or 
a Water-of-Ayr stone. Care must be taken in order that the 
central area, and not merely the edges, may become finally thin. 
Yery delicate sections must be transferred at an early stage to 
the slip on which they are to be mounted, and finished on this 
instead of on the handle of plate-glass. 

In ordinary cases, however, the section is examined under the 
microscope before removal from the glass handle, to see if it is 
sufficiently and uniformly thin. It is then placed in a bath 
of benzene for some five or six hours, at the end of which time 
it can be floated off from the handle and transferred carefully by 
a section-lifter (a bent piece of thin metal in a wooden handle) 
to an ordinary slip on which balsam is already heating. The 
covering and final processes are as described on pp. 128, 129. 

* See articles in Ttchnica, 1905. 

t Prof. Rosenbusoh recommenda 16 parts by weight of Canada balsam to 
50 parts of shellac, heated together for some time. The toughaeaa of this 
allows very thin sections to b^ made. 
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To avoid the long grinding that must occur when chips are 
used, professional workers always employ in the first instance 
a lapidary's cutting disc, which is an iron disc '* armed " from 
time to time by forcing diamond-powder into .its edge. The 
diamond is mixed with a little olive oil and placed with the 
finger on the edge of the disc. The disc is then slowly rotated 
while a surface of flint or agate is pressed against it, the tiny 
splinters of diamond thus becoming set in the iron like the 
teeth of a circular saw. A well-armed disc will cut perhaps 
some thirty ordinary sections, and must be re-armed directly 
it ceases to give a clean cut and a sharp hissing noise when 
in motion. Discs styled 'diamond - saws/' armed for very 
prolonged work, are made by Mr. 0. J. Whittle, 50 Congress 
Street, Boston, Mass., U.S.A. 

The disc is preferably placed horizontally and rotated by a 
band working from a wheel driven and controlled by hand. 
The specimen is held in a clamp and is drawn against the disc 
by a weighted cord passing over a little pulley. The disc must 
be continuously lubricated by a little stream of soap and water 
kept running on to it from the tap of a vessel set above it; or it 
can be kept lubricated by soft soap, kept in a jar and painted 
on at intervals with a brush. 

By such a machine thin and even large slices can be prepared, 
which require little grinding to transform them into micro- 
scopic sections. Sections, moreover, can be cut from minerals 
in special directions, by careful adjustment of the specimen in 
the clamp. ''*' Small specimens can be held by being cemented 
on to a block of wood by means of the "electric cement" 
described on p. 21, the wood being then fixed in the clamp. 
Friable objects, such as pumice, must be saturated in hot balsam 
in a dish over a spirit-lamp or Bunsen-bumer and allowed to 
become thoroughly cool. They may then, with care, be cut 
or ground like other materials. 

Finally, it may be useful to mention that emery can be 
obtained in London for about Is. fid. per 7-lb. packet. Diamond- 
splint, which must be powdered in a steel mortar after purchase, 
costs about 10s. per carat, two carats lasting a considerable 
time. The iron discs used in lapidary's work are supplied by 
Messrs. Cotton & Johnson, of 14 Gerrard Street, Soho, London, 
W. Most amateurs, however, will find a machine rather a 
luxury than a necessity, considering the small number of 
sections they will require in the course of any year. While 

* For a delicate method, see St5ber, BuU, Acad, Roy, de Bdgique, 3e. 
i^rie, t. xzxiii. (1897), p. 843. 
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it is of very great importauoe to haye practice and confidence in 
the making of rock-eections, it is fortunate that now in some 
towns, especially in Germany, professional lapidaries are spring- 
ing up, ready to relieve the geologist of work that is in the 
majority of cases tedious. 

That the application of the microscope to the study of rocks 
is by no means a modern development has been already seen in 
our review of Oordier's classic investigations. Some older 
authors, notably Delesse, derived great advantage from the 
examination of polished snrfiAceB of rocks under the microscope ; 
and, such sur&ces being commonly procurable in all countries, 
whether among the debris of ancient Rome or the workshops 
of Indian artists, it is of considerable profit to have studied at 
least a typical selection. Though polarised light cannot be 
employed, there are in some oases actual advantages over a thin 
section, inasmuch as the rock can be often examined by a low- 
power objective for a considerable depth, and the tridimensional 
character of the various objects and structures becomes realised. 
As a brilliant example of results gained in this manner, we may 
cite the plates and text of Delesse's Beeh&rchea 9ur Us Soches 
globtileuaes,* a memoir that should be looked at in this connec- 
tion by all to whom libraries are accessible. 

While it is now well for the beginner to study carefully a 
series of rock-sections under the microscope, these should never 
be considered apart from the rocks from which they have been 
cut. After understanding, with the assistance of the sections, 
the main points of structure, an immense amount of work can 
be done by powdering up a rock, sifting where necessary, and 
examining the fragments on a microscopic slip, first by reflected 
light, and then mounted in water or balsam under a cover-glass. 
The methods of Oordier (pp. 110-113) must never be forgotten, 
since the expert in the use of microscopic sections is apt some- 
times to lose sight of the form of the solid mineral, and of all 
but its optical characters. The powdered rock naturally lends 
itself to the isolation and complete testing of its constituents 
(p. 113). 

SoMB Works on Petboobapht ahd Rook-iobmino Minsbals. 

FouQui and L^vy. Min^ralogie Micrographique ; Roches ^ruptives 
franjaiaes. 2 vola., text and plates. Qnantin, Paris, 1879. (Fine plates.) 

Habkbb. Petrology for StudenU. 3rd ed., Cambridge, 1902. (Deals 
with rooks only; clear drawings of sections, and thoroughly modem.) 

• M6moires de la 8oc, giol, de France, 2me. s^e, t. iv,, p. 301. 

Digitized by VjOOQIC 



Jakkxtaz. Les Boohes. RothBchild, Paris, 18S4. (Coloured plates of 
microfioopio seotions.) 

L£vY and Lacboix. (1) Les Mindraux des Roches. Baudrr, Paris, 
1888. (Contaiiis an admirable plate showing the application of Newton's 
Coloar-8cale to mineral-sections in polarised light.) (2) Tableau des 
Min6ranz des Roches. Baudry, Paris, 1889. (Reference tables. founded 
on above work.) 

MBRunji. Rooks, Rock-weathering, and Soils. Macmillan, 2nd. ed. 
(Regards rooks from a true geological aspect ; excellent illustrations. ) 

Rbinibgh. Petcographisches Praktikum. Two parts. Bomtraegery 
Berlin, 1901. (Covers both minerals and rocks.) 

BosENBUSGH. (1) With WOLFING, Mlkroskopisohe Physiographie. 2 
▼oU., 4te. Aufl^ge. Nagele, Stuttgart, 1905. (With photographic plates 
of minerals as seen in sections.) (2) HtUfstabellen zur miKroskopischen 
Mineralbestimmung. Koch, Stuttgart, 1888. (Reference-tables, translated 
by Hatch, Sounenschein.) (3) Elemente der Oesteinslehre. Nttgele, Stutt- 
gut, 2nd. ed., 1900. (An excellent general manual.) 

RosKMBUSOH and Iddinos. Microscopical Physiography of Rock-makinff 
Minerals. 4th American edition, reyised. WOey, New York ; Chapman £ 
Hall, London, 1900. (The photographs in the original work of Rceenbusch 
are produced.) 

RuTLEY. (1) Rock-forming minerals. Murby, London, 1888. (A com- 
pact guide, including the mgher applications of the microscope.) (2) 
Granites and Greenstones. Murby, 1894. 

TcALL. British Petrography. Dulau k Co., London, 1888. (An 
invaluable work both for the text and the exceptional character of the 
coloured plates.) 

Weinschknk. Die gesteinbildenden Mineralien. Herder, Freiburg-im- 
Breiegau, 1901. (An excellent compact guide for the geologist.) 

ZiBKXL. Lehrbuch der Petrographie. 2te. Aufla^, 3 vols., Leipzig, 
1894. (The most complete work on rocks extant, dealing with their wider 
aspects as well as microscopic structure. The section on rock-forming 
minerals is equally admirable.) 
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CHAPTER XVI 

THE MORE PROMINENT CHARACTERS TO BE OBSERVED IN MINERALS 
IN ROCK-SECTIONS, AND AS ISOLATED CRYSTALS UNDER THE 
MICROSCOPE. 

It is well known that some minerals, such as magnetite, are 
opaque even in the thinnest sections jet prepared. Hence their 
characters must be studied by reflected light, which may con- 
veniently be concentrated on their surface 
by an ordinary condenser on a stand, or by 
fitting up a pocket-lens so that it can l>e 
moved about upon an upright rod. The 
annexed sketch (^g, 16) is a suggestion for 
such a contrivance; a stout brass wire is 
fitted into a steady base, and a large cork 
slides up and down upon it. A second wire, 
also thick, so as to present a good surface, is 
bent at right angles; one end is thrust 
through the cork and the other carries a 
■— second cork, projecting out sideways, which 
can thus be moved in three directions. A 
part of this cork is cut away so as to form a 
^^' slit, into which the handle of the lens fits 

and in which it is held by tightness. The same sort of arrange- 
ment may be useful for holding a lens in various positions when 
small loose objects are being examined by this instrument alone. 
The characters that can be studied in opaque minerals are the 
form of the sections, the colour and lustre by reflected light, the 
cleavages (which often appear as black lines or cracks) and the 
products of decomposition that occupy the cracks or surround 
the crystal. 

The characters of translucent minerals may be separately 
treated as follows : — 

Form. — In rock-sections allotriomorphic crystals, or those that 
are bounded merely by abutting against neighbouring forms, are 
so common that the worker is at the outset apt to feel discouraged. 
The idiomorphic crystals, with their proper boundaries, in 
which he has so delighted during his mineralogical studies, 
are found to be, as it were, interesting curiosities when 
compared with the mass of the crystalline substances with 
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which he has to deal in rooks. But he soon realises that 
sufficient traces of regular outline frequently remain from which 
he can huild up some well-known form; while in the lavas a 
number of sections are so sharp and satis&ictory that he can 
determine the angles between various planes, compare one result 
with another, and picture to himself the complete crystal from 
some ten or a dozen scattered sections in a slide. For the 
correct appreciation of the objects thus seen under the microscope 
a knowledge of the solid forms of minerals and mineral-aggre- 
gates is obviously necessary ; the study of " micropetrology " 
becomes otherwise something artificial, extra-natural, and is 
liable to be looked on with hesitation by workers accustomed to 
rock-masses in the field. 

Just as DO mountain-mass can be described by a stranger 
from a number of handnspecimens, however beautiful, so no rock 
can be adequately described from isolated microscopic sections. 
Again and again the observer will pass from his section to the 
soUd specimen, and from this, in memory at any rate, to the 
great mass of which it formed a part. Even in his choice of 
descriptive terms, he will remember that nature is tridimensional, 
and that the object regarded by him under the microscope as a 
" plate '' or ''lath" may be of considerable thickness in a direction 
perpendicular to the section. 

Having determined by a series of optical tests that certain 
sections in a slide belong to the same mineral, some fair deduc- 
tions may be made as to the nature of the solid form. A funda- 
mental enquiry is, however, how has^the rock-section been cut 
with regard to any structural peculiarity of the mass 1 Thus a 
foliated rock will yield elongated and even wisp-like sections of 
its minerals if cut perpendicular to the foliation-planes, while 
more or less expanded lenticular forms will appear in slides 
prepared parallel to these planes. A rock, again, in which the 
minerals have been arranged by flow may ordinarily show a 
number of prismatic outlines ; yet a section perpendicular to the 
direction of flow may represent the prismatic rods as square or 
almost circular areas, suggestive of cubes or granules. If, finally, 
the minerals so arranged are prisms, the three axes of which 
difler considerably in length, the majority of sections may 
appear as fairly short '* laths'' in one slide^ as long ones in 
another, and as broad plate-like forms in a third. The annexed 
diagrams (filg. 17) will aid in making this matter clear. 

When, however, the rock-specimen presents no peculiarities of 
structure, when in all aspects it looks reasonably similar in 
constitution, a single slide wUl enable one to ascertain the 
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general forms of the minerals that it contains. This is the case 
with most granitic and microgranitic rocks, and with very many 
of the lithoidal lavas. In these, if all the sections of one 
mineral appear approximately circular, as is the case with small 
leucites, garnets, &c., the true form must be granular or 
spheroidal. If rectangular sections and hexagonal " plates ^ are 
associated, we are dealing with a mineral that crystallises in 




Fig. 17. 

hexagonal prisms. If square sections predominate, with a few 
rectangles and triangles, the true form is likely to be a cube ; 
if hexagons and squares abound, coupled with optical characters 
pointing to a mineral of the cubic system, that mineral has 
developed in rhombic dodecahedra or octahedra. Hexagons, 
puzzling at the first sight, are thus common in sections of well 
developed magnetite. The icositetrahedron, as in leucite, tends 
to produce octagonal forms. 

In the case of ordinary prisms with a long vertical axis, 
optical tests must as a rule be applied before they can be referred 
to one system or another. But the cross-sections, and especially 
those which are believed to be perpendicular to the principal 
axis, must be very carefully studied, and special slides may have 
to be prepared so as to include as many of these as possible. 
The angle between the traces of the prism-planes is of funda- 
mental value. 

In the measurement of angles, the cross-wires and graduated 
stage come into service. In dealing with this and other ques- 
tions, the rotation of the object is spoken of, since the description 
of such operations can easily be translated by those who work 
with a fixed stage and rotating eye-piece, cross-wires, and 
polariscope. In all ordinary instruments, then, the point of 
junction of two edges of a crystal-section is made to coincide, by 
moving the slide upon the stage, with the point of intersection 
of the cross-wires in the eye-piece. One of the edges is then 
brought, by rotation of the stage, into coincidence with one of 
the wires, and the angle indicated by the index on the margin of 
the stage is noted. The stage is then rotated until the other 
edge in question coincides with the same wire. The angular 
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inoyement undergone by the stage gives, according to the direo- 
tion of rotation, either the angle between the two edges or the 
snpplement of that angle. Of course if the two edges to be 
examined are separated by an intervening edge or a broken 
part of the crystal, their point of intersection, if produced, can 
be approximately fixed by the eye and brought into the centre 
of the field. 

A number of such measures, and a number only, unless special 
optical tests have given proof of the crystallographic position of 
the sectian, will ultimatelv give a very good idea of the angle 
between particular faces of the solid form. 

While the best evidence of the presence of twin-crystals lies 
in their effect on polarised light, yet the re-entrant angles 
characteristic of many such forms occasionally appear in sections. 
Crystals are, however, so often grouped together in irregular 
aggregates that re-entrant angles are by no means a sure sign of 
twinning. Occasionally, as in the little rutiles of some altered 
rocks, the whole form of a twin-crystal can be made out, the 
geniculated forms being in this case highly characteristic, lying 
as they do embedded in the thickness of the slide. 

The outlines of crystals often become injured by the action of 
the fused vitreous matrix on them. This corrosion takes place 
mainly on the surfisice of the crystal, as in quartz, or causes the 
whole interior to become penetrated by glass, as in some 
pyroxenes and many felspars. The ramifying mesh of intruded 
glass shows in sections as a number of apparently isolated knots 
and '* enclosures ; " but careful tracing of their origin among 
many examples proves that they are in reality connected with 
one another by delicate filaments or sheets of the same material 
(see figs. 35 and 37). Stresses set up either during or after the 
consolidation of a rock will also tend to destroy the original 
outline of crystals. They may thus become broken and even 
ground to powder, or deformed and drawn out into almost 
unrecognisable wisps. 

Still more interesting and remarkable, however, is the evidence 
afforded by the microscope of the reconstruction and growth of 
crystals. Thus, by additions made at periods long subsequent to 
the consolidation of the rock, worn, injured, or imperfect crystals 
may be restored or raised to more or less periect forms. In 
other cases, the additions may be made to porphyritic crystals 
during the final consolidation of an igneous rock. The litera- 
ture of this ** regeneration of crystals" has grown of late years. 
The reader should consult a paper by Pro£ J, W. Judd« 
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**0n the growth of crystals in igneous rocks after their coh- 
solidation" (Quart. Joum. Geol. Soc., vol. xlv. (1889), p. 176). 

We figure here two examples (fig. 18), one of felspar and one 
of hornblende ; in the latter case the interspaces between injured 
and shifted crystals have been filled up, as it were, by healing 
material, which has similar cleavages, and which is optically 
continuous with the original materisd on one side of the crack or 
on the other. 

Cleavage. — The move- 
ment of crystals in rocks, 
and the stresses to which 
they are subjected, tend to 
reveal the cleavage of 
minerals by producing one 
or more series of fairly 
regular cracks. In sections 
these are distinguished 
without much difficulty 
from the more irregular 
lines of fracture that tra- 
verse almost all the min- 
erals. Decomposition often 
starts from the cleavage- 
planes. 

The cleavage-cracks are 
more or less clearly de- 
veloped according to the 
character of the mineral, 
and this fjB^t is of deter- 
minative value. Thus the 
cleavage of epidote is 
cleaner and sharper than 




that of pyroxene; the 



Fig. 18. — a, Plagioclase in dolerite — ^TyDe- 
month Dyke, Northumberland, x 14. 
NicoU crossed. The crystal has been 
enlarged by secondary outgrowths 
into the hemicrystalline grouudmass, 
and the repeated twinning has been 
exactly reproduced. 6, Hornblende 
in diorite — ^near Grands Mulcts, Mt. 
Blanc. X 40. The brown crystals 
appear to have been shifted one 
against the other, and the intervening 
irregular areas have become filled up 
by colourless secondary outgrowths 
from one side or the other in con* 
tinuity with the original crystals. 



rectangular cleavage-sys- 
tem of olivine is very rarely 
apparent; quartz exhibits 
no cleavage, while felspar 
commonly does so in a very regular manner. An oblique illu- 
mination and a high power often prove a mineral to be cleaved 
which otherwise appears uniform and unbroken. 

An appearance of cleavage under the microscope, and actual 
separation into lamellae in the mineral specimen, often arise from 
the development of minute platy products along "solution- 
planes " in the crystal. This '* pseudo-cleavage," a character 
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Baperinduced by alteration, is very marked in the orthopina- 
coidal separation-planes of diallage. 

EnclOBHres. — ^Though any mineral may take up at the time of 
its formation enclosures of the matrix from which it is derived, 
or may shut up within itself pre-existing crystals, yet the nature 
and arrangement of such enclosures should be carefully studied. 
The regularly grouped plates already referred to, which there is 
excellent reason for classing as secondary products, will be dealt 
with below under the head of " Schillerisation ;" but in addition 
to them there are often crystalline or amorphous bodies, and 
minute cavities containing gas, liquid, or glass, which may have 
been included at the time of consolidation. 

Glass-enclosures containing bubbles may frequently be dis- 
tinguished from liquid-enclosures by the immobility of the bubble 
and the occurrence of cracks or products of devitrification in the 
clear substance surrounding it. 

Liquid-enclosures occur in various minerals, and are especi- 
ally abundant in the quartz of granitic and metamorphosed 
rocks. They should be studied with a power magnifying 500 
diameters, and the smallest will be found to possess the most 
active bubbles. In the case of some larger ones, the movement 
of the slide will cause the bubble to shiSi its position and thus 
prove the liquidity of the material; but as a rule it is the minute 
enclosures which will, after a little practice in observation, repay 
the worker in a brilliant and most satisfactory way. Gentle heat- 
ing of the section will often aid in bringing about the unstable 
conditions which cause the movement of the bubbles. When the 
liquid has originally been a saturated solution, crystals may have 
separated out in it as it passed into a cold condition (fig. 19, 6). 

Ample observations have been made of late years, and may be 
repeated in any good collection of sections, to prove that liquid- 
enclosures often arise in minerals by solution acting within them 
long afber they have consolidated. It seems impossible otherwise 
to account for the strings and bands of " enclosures " that run 
continuously from grain to grain in some altered sandstones 
(quartzites), or in the secondary quartz filling the cavities of 
ancient lavas (fig 19, a). Indeed, the more the problem of 
crystal-growth and crystal-dissolution is studied, the more 
dificult it becomes to point to this structure or that as un- 
doubtedly fundamental and original. 

Schillerisation.* — In addition to the enclosures of glass and 

♦«e6 Prof. Judd, "On the Tertiary and older Peridotitcs of Scotland." 
Quart, Joum, Qecl, Soc, vol. xli. (1885), p. 383 ; also MinercUogical Mcig,, 
vol. viL, p. 81. 
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liquid, whioh are ocoasionallj seen under the miorosoope to possess 
regular outlines, and to represent, in fact, the infilling of negative 
crystals, there are included in certain minerals a host of bodies 
that similarly owe their 
form to the crystalline sub- 
stance round them. The 
stages in the development 
of these minute plate-like 
" enclosures " have been 
worked out in a series of 
papers by Prof. Judd in the 
Quarieriy Jawnal of the 
Geological Society and the 
Mineralogical Magazine, 
They have long been known 
in sections of the massive 
hypersthene of Paul's 
Island, and have been con- 
jecturally referred to vari- 
ous mineral substances. 
Prof. Judd regards them 
as secondary developments 
of "mixtures of various 
oxides in a more or less 
hydrated condition, such 
as hyalite, opal, gothite, 
and limonite." Theyappear 
with marginal ramifica- 
tions, or with one or more 
definite edges developed, 
or finally as accurately 
bounded negative crystals. 
The planes of chemical 
weakness along which they 
are produced become lus- 
trous, as in hypersthene or 
diallage ; they also impart 
the well known play of 
colours to the sur&ces of certain felspars. This character of 
minerals, termed schUler by (German writers, has led Profl Judd 
to introduce the word "schillerisation'' for the process by which 
the minute plates are developed. In studying the characters of 
various mineral species under the microscope, we shall see the 
importance attaching to certain well-marked schillerised types. 



Fig. 19.— (I, Quarts in altered rhyolite— 
Digoed, near Penmachno, N. Wales. 
X 40. The ^pranular quartz is of 
secondary origin, oooupying a cavity; 
liqnid-encloBures have developed in 
strings which run oontinaoasly from 
grain to grain, proving that they are 
posterior to the ouartz. b, Liqnid- 
enclosores with babbles and cubic 
crystals separated from the snper- 
satnrated solution. In quarts of 
tourmaline-granite— Great Staple Tor, 
Dartmoor. x 320. c. Structures 
produced by schillerisation in labra- 
dorite — Labrador. x 80. Three 
series of regularly arranged plates are 
seen in all stages of development. 
The plates practically perpendicular 
to the section appear as thin lines. 
Bands of liquid-enclosures also tra- 
verse the crystals, but not along 
regular planes. 
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It must be noted that the parallelism of the products of 
SGhillerisation can be observed only in sections across the 
solution-planes on which thej are developed. Thus some sections 
will show only a few scattered negative crystals, like little plates 
lying apparently hap-hazard. But some other section of the 
same mineral will show these plates edgewise, when they will 
resemble lines, and the regularity of their disposition will be at 
once apparent (fig 19, c). 

A mineral may become schillerised throughout, or the pheno- 
menon may appear only in patches. Attention is commonly 
called to it, even under a 1-inch power, by the fact that the 
products are coloured, being often pink-brown or transparent red. 

Zoned Structure.— -Oiystals are often seen to be built up of 
successively formed layers, producing concentric zones in sections. 
The slight differences in composition that may occur in adjacent 
sones, and the consequent difference of refractive index, causes a 
fine line of junction to appear between them, especially when 
the light is sent obliquely from the mirror. These zonal lines 
are parallel to the outlines of the crystals, and must be distin- 
guished from cleavage-cracks or the composition-planes of twin- 
crystals, which will run right across the crystal parallel only to 
certain planes. 

The surfaces of the successive coats by which a crystal may 
be thus built up may become covered with foreign particles, 
which will appear as zonally-arranged enclosures in the sections. 
Polarised light may also reveal zoned structure, owing to occa- 
sional differences of optical behaviour in the various zone& * 

Befiractive Index.--Since Canada balsam, the medium com- 
monly employed in the mounting of rock-sections, has a maxi- 
mum refractive index of 1-649, or, in practice, of 1*540, light 
passes freely from it to the interior of minerals having a similar 
index, and from these again to the upper film of balsam. They 
thus appear clear and with smooth surfaces. Quartz, with a 
refractive index of 1*547, is an excellent example of this 
class. It is thus said to show no relief. 

But many other substances, with higher mean indices of re- 
fraction, exhibit the roughnesses and irregularities of their 
ground surfaces where the light passes from them to the balsam 
or the reverse. The mirror should be set obliquely, or a stop- 
lens may be used. It is quite as convenient to place the finger 
a little below the aperture of the stage, so that the light reaching 
the section consists of the oblique rays from the margin of the 
mirror only. Oamet will show this ** pitted " effect in a most 
*See on this matter L^vy and Lacroix, Le9 Miniraux dea Rochea, p. 86. 
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coiuspicuoutt manner. Where a mineral of high refractive index 
is surrounded by others of a lower index, its boundaries will 
appear as sharp and dark lines, and it will seem to stand out in 
relief on the surface of the section. 

Minerals with a refractive index much lower than that of the 
balsam are rare, but will of course exhibit the same effect. 

Dr. F. Becke ("Ueber die Bestimmbarkeit der Gesteins- 
gemengtheile auf Grund ihres lichtbrechungsvermogens," 
Sitzungsher. der k, Akad, der Wissenaek,^ Yienna, Bd. cii., 1893, 
p. 358) has given us a most refined and practical method of 
determining whether a mineral in a rock-section is of higher or 
lower refractive index than an adjacent mineral, or than the 
balsam in which the section is embedded (see L^vj, Diterm, dea 
FeldspcUha, pp. 59-63). The line of junction between the two 
minerals, or between one on the edge of the section and the 
balsam round it, is accurately brought into focus. A fairly high 
power should be used. The light should be thrown up obliquely 
from the mirror; or, as M. L6vy prefers, the converging lenses 
are employed, a diaphragm being added below them to cut off 
all but the rays from the central area. The common mirror, 
however, acts well in most cases. 

The rays that come up through the substance of higher 
refractive index, and strike its surface of junction with the 
adjacent substance at an angle lower than that of total reflection, 
are all totally reflected, and are accumulated on the side of the 
substance of higher index. When the objective is slightly 
raised, a bright band is seen on that side — «.«., within the 
border of the substance of higher index. Lower the objective 
below exact focus, and the rays seem to come from the other 
side — 1.0., the bright border lies in the substance of lower re- 
fractive index (the two uses of the word "lower" make the 
matter easy to remember). 

This observation detects differences of index as small as *009, 
and is capable of many practical and even elaborate applications, 
especially amonff the felspars and the felspathoids. 

The numericiQ determination of the index or indices of refrac- 
tion of a mineral fragment has been much facilitated by Mr. C. 
F. H. Smith's improved refractometer {Min. Mag,, vol. xiv,, 
1905, p. 83). 

Colour in Ordinary Light.— This character is naturally dimin- 
ished in importance by the thinness of the section; and the 
caution previously given as to the colour of minerals in mass is 
even more necessary here. Bed felspars and bronze-like micas 
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will become colourless in ordinary sections; grass-green actinolite 
may behave similarly, while common hornblende retains tints of 
green or brown. In the case of minerals like the felspars above 
mentioned, where the colour is due to alteration, the transmitted 
light should be cut off and the section examined by light reflected 
from its surface. Oloudy products will often thus become visible, 
which impart their colour to the mass. 

The phenomenon of pleochroism referred to on p. 89 naturally 
has considerable effect upon the colour of thin section& The 
variability of the face-colours in the scune crystal will cause 
striking differences in the appearance of a mineral according to 
the direction in which it is traversed by the section. Thus 
hornblende may be dark green and pale yellow-green in the same 
slide, and biotite will be of various tints from straw-yellow to 
rich red-brown. 

Axis-pleochroism (see p. 90). — The light emerging from a 
Nicol's prism is re^rded as vibrating parallel to the shorter 
diagonal of the prism. If we send this light from the prism 
through a section of a doubly refracting crystal, other than one 
perpendicular to an optic axis, it will be broken up into two sets 
of rays, unless the plane of its vibration is parallel to one of the 
vibration-traces of the crystal-section. It will in the latter case, 
however, give us a put e axis-colour for the mineral section dealt 
with ; and, if this section has been cut so as to include the vibra- 
tion-directions of the fastest and slowest rays in the crystal, 
the axis-colour thus observed will be one of those required 
in describing the characters of the pleochroism of the mineral. 
On rotating the section, or the nicol, through 90'', the other 
exiareme axis-colour will be observed. 

The mere £su;t that a mineral is pleochroic in its thin sections 
is of great determinative value. The polariser is brought into 
play ^neath it and rotated ; or the crystal-section is rotated by 
means of the stage above the polariser. If any change of tint is 
observable, the mineral is dichroic or trichroic, according to the 
system in which it crystallises; commonly it is said to be 
pleochroic. It is obvious that the most intense pleochroic 
changes will be seen in sections that contain the vibration- 
directions of the fastest and slowest rays in the crystal An 
extreme case is that of tourmaline, where the plane polarised 
light undergoes in thicker sections almost complete absorption 
when vibrating in a direction perpendicular to the principal 
crystallographic axis. In biotite, again, sections perpendicular 
to the basal plane are extremely pleochroic, the maximum 
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absorption occurring under the same conditions as in tour- 
maline.''^ 

On the other hand, the occurrence of non-pleochroic sections 
is no proof that the mineral itself is not pleochroio. Where 
there is onlj a slight difference between the velocitj of rays 
vibrating respectively parallel to the two vibration-traces of the 
section, the axis-colours for this section may be indistinguish- 
able ; and where no double refraction occurs, pleochroism will 
be entirely absent. Thus basal sections of biotite show no 
pleochroism, however intense it may be in oblique or vertical 
sections ; and the same must be true of all basal sections of 
indubitably tetragonal or hexagonal minerals. 

Hence, when in the following pages the pleochroism of a 
mineral is stated to be strong or intense, the remark refers to 
its average character in hap-hazard sections, the true maximum 
intensity being looked for, as already stated, in special sections 
(see p. 143), and the effects being Uable to great variation in 
sections of the same mineral lying in the lAime slide. 

In some colourless iiinerals, such as calcite, the difference of 
absorption for rays vibrating in different directions may be so 
great that a twinkling effect is produced on the rapid rotation 
of the polariser beneath the section, by which means such 
minerals may easily be picked out. 

The simple mode of observation of axis-colours by means of 
the single nicol was introduced by Tschermak in 1869. 

Double Refraction. — If, however, we insert the analyser as 
well as the polariser, cross the nicols, and thus observe the 
mineral, we frequently see colours produced which are due to 
double refraction in the crystal and the interference of the rays 
of the two groups when brought to one plane of vibration in the 
analyser. The strength of the double refraction is expressed 

* When the absorption is to great as to cause the light emerging from 
the orystal-seotion to consist ^practically of one and not two sets of rays, the 
other set being arrested, as m the case of plates of tourmaline, a curious 
effect may become noticeable when axis-pleoohroism is being observed. 
The lower nicol and the absorbing mineral may act together as a complete 

Solariscope ; hence if the slide is uiick enoujo^h to allow of the presence of a 
oubly -refracting mineral between the polariser and a layer of the absorbinjo; 
crystal, interference^colours will be seen at this point without the interposi- 
tion of the upper nicol. This effect is often brilliantly seen where the edges 
of biotite or tourmaline overlap quartz or felspar in the section. If the 
slide is rotated until the mineral acting as analyser is at its darkest, the 
effect due to crossed nicols is produced; this may be tested by inserting the 
true analyser above, when the colours already seen will remain unaltered, 
showing that the li^ht has been already ** analysed," and therefore comes 
through the upper niool without further change. 
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numerically by y - a (see p. 87), and the colours are high in 
Newton's scale if this figure is large, say '040, and low if it is 
small, say *005. A mineral giving high colours is said to have 
strong double refraction, the low colours indicating weak double 
refraction. These colours will also depend on the thickness of 
the section, and on the direction in which it has traversed the 
crystal; their intensity will depend on the position of the 
vibration-traces of the section with regard to the diagonals of 
the nicols. 

Firstly, then, for comparative purposes sections should be of 
equal thickness. 

Secondly, the most distinctive effects are gained from sections 
that contain the vibration-traces of the &8test ray and the 
slowest ray in the crystcJ. 

Thirdly, the maximum brilliance of colour in any crystal- 
section is obtained when the vibration-traces are at 46* with 
the diagonals of the nicols. 

The thicker the section of a mineral, the higher the colour 
yielded by it between crossed nicols ; but, in ordinary thin sec- 
tions, minerals of strong double refraction may easily be picked 
out from those of weak, bv the difference of the tints exhibited. 
Extinction. — But it is obvious that when the vibration-traces 
in the crystal-section lie parallel to the vibration-planes or 
diagonals of the nicols, no double refraction will occur. The 
rays from the polariser traverse the crystal-section without being 
divided and rotated ; hence they reach the analyser unchanged 
and are totally rejected, just as if no mineral intervened. The 
section appears, therefore, dark ; it has undergone extinction. 

The vibration- traces in a crystal-section being always at right 
angles to one another, the section will become dark in four posi- 
tions 90^ apart during rotation between crossed nicols. These 
positions of extinction show us then, conversely, the positions of 
the vibration-traces in the section, and may be stated as occurring 
so many degrees away irom some known line in the crystal 

For tiie reading of angles of extinction certain orystallographic 
directions are selected, such as the vertical axis — often indicated 
by cleavage — or the edge formed by the intersection of two par- 
ticular planes. This selected direction is set parallel to one of 
the cross- wires of the eye-piece, and the reading of the graduated 
circle is taken. The stage is then rotated until the crystal is 
at its maximum darkness, and the angle through which it has 
been moved gives a measure of the position of extinction. 
In accustoming the eye to correctly estimate this position, 
iff is well to take readings during a complete rotation, the 
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figures recorded differing, if the observations are accurate, by 
exactly 90^ 

It should be noted that sections perpendicular to an optic 
axis of a biaxial crystal do not become extinguished during a 
rotation; such sections may easily be tested by the use of 
convergent polarised light (p. 151). There are also some few 
minerals in which the optic axes for light of different colours 
differ widely in position, or even lie in different planes. Hence 
the position of the bisectrices, which control the angles of ex- 
tinction, cannot be stated for ordinary white light, and sections 
may be rotated between crossed nicols without at any time 
becoming actually extinguished. 

Various optical aids have been applied to the measurement of 
extinctions. Thus a quartz plate cut perpendicularly to the 
optic axis, and giving, by rotatory polarisation, a particular tint 
between the nicols, is sometimes inserted above the slide. As 
long as the directions of vibration in the crystal-section deviate 
from those of the lower nicol, so long will the crystal impart a 
new tint to that part of the quartz plate which lies above it. 
But when the position of extinction is reached, the action of the 
crystal is m^, and the whole quartz plate resumes its uniform 
colour. The Bertrand eye-piece, a development of this method, 
is still more delicate and satisfactory in use. The quartz plate 
is made of four separate sectors, meeting at the centre of the 
field, two of them, through rotatory polarisation, rotating 
the ray to the right, and the alternate ones to the lelt, 
the four having between crossed nicols precisely the same 
tint. A crystal placed with regard to the polariser in any 
other position than that of extinction imparts opposite colours 
to the alternate sectors when brought into the centre of the 
field; and its vibration-traces are parallel to the diagonals 
of the lower nicol when the colour of the four sectors is 
restored. 

In measuring the angle of extinction, every regard must be 
had to the direction in which the section has been cut. The 
most important cases to consider are those in which the form is 
prismatic and the section is judged to be parallel to the principal 
axis of the crystal 

In the tetragonal and hexagonal systems, all sections from the 
prismatic zone will become extinguished when their principal 
axis is set upright in the field between crossed nicols, and 
therefore also when this is placed horizontally. Such cases, 
where the directions of extinction are parallel to the edges of the 
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rectangular sections, and thus to the axes of form, are said to 
possess straight extinction. 

In basal sections of crystals of these two systems, the velocity 
of rays vibrating in all directions is equal, and hence no effect is 
produced on polarised light. Such sections are, in fact, perpetu- 
ally extinguished, except where rotatory polarisation occurs. 

In the rhanibic system, all sections from the prismatic zone 
possess straight extinction. 

The base and all raacrodome and brachydome planes, though 
not necessarily rectangular in outline, extinguish parallel and 
perpendicular to the traces of the pinacoids when these are 
present, or to the axes of symmetry of the sections when they 
are bounded by traces of other planes. The straight extinction 
of all possible sections of the prismatic zone is a very distinctive 
character. 

In the manocUnic system, the only section of the prismatic 
zone that possesses straight extinction is that parallel to the 
orthopinacoid. Hence all ordinary vertical sections show oblique 
extinction, which is commonly measured from the direction of 
the principal axis, as indicated by the traces of other planes of 
the prismatic zone or of the vertical cleavage-planes. The 
inclination of the direction of extinction to this vertical line 
increases gradually as the section departs from the orthopinacoid 
and approaches the clinopinacoid. Since in the latter plane, 
however, it may amount to only some 4'' or 5*", certain mono- 
cUnic minerals may be set down on hasty observation as 
rhombic. 

The orthodomes and the basal plane behave like the domes 
and base in the rhombic system, but the clinodome extinguishes 
obliquely. 

In the iridinic system there is no fixed relation between the 
directions of extinction and the axes of crystallographic form. 

Optical Sign. — When, by observation of the directions of 
extinction, the directions of the vibration- traces in a section 
have been found, it often becomes of importance to determine 
which of these belongs to the fast and which to the slow ray. 
By the use, moreover, of several sections of a biaxial mineral, 
the relations of its principal vibration-directions (corresponding 
to rays of greatest, mean, and least velocity) to the crystallo- 
graphic axes may be determined. The importance of these 
points for determinative purposes, in the case of minerals other- 
wise resembling one another, may be seen from the remarks on 
p. 88. 

The only means of determining the character of the vibration- 
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directions to which we need here refer is that involving the use 
of the quartz wedge. This is so cut that its longer axis is 
parallel to the optic axis — 1.6., to the longer axis of the optical 
indicatrix — of the original crystal of quartz. The slowest-ray 
vibration-trace is thus parallel to the length of the wedge, and 
the fastest-ray trace perpendicular to it. When the wedge is 
placed with these traces at 45* to the diagonals of the crossed 
nicols, and is moved over the field of the microscope between 
them, a series of bands of colour will be seen crossing it, rising 
in Newton's scale towards its thicker end. These are, of coursci 
the interference-colours due to the particular thickness of the 
wedge at any point ; their cause is admirably stated in Groth's 
Phynkaliache KrystaUographMy ed. 3, pp. 33-44. 

For the determination of the nature oi either of the vibration- 
traces in a crystal-section, the section is placed in a position of 
extinction and then rotated through 45*. The quartz wedge is 
then moved above it, either across the stage or through a special 
slot) so that the longer direction of the w^ge lies parallel to the 
direction of extinction that has to be determined in the crystal. 
If this direction is also the slow-ray vibration-trace in the 
section, the colour due to the quartz wedge will rise, as if the 
wedge became thicker where it overlay the crystal. If, on the 
other hand, the direction is the fast-ray vibration-trace, the 
colour will be lowered, and sooner or later, as the wedge con- 
tinues to be inserted, compeTiaation or blackness — usually a grey 
effect — will result. If the wedge is still further inserted, the 
colours which the mineral has just displayed in a descending 
order will be exactly repeated in ascending order, and this 
repetition equally on each side of the position of compensation 
is, as M. L^vy points out, the best possible proof that compensa- 
tion has really occurred. Test the section now by inserting the 
wedge along the other vibration-trace. The colour of tiie section 
will rise continuously, and no darkness due to compensation 
will occur.* 

For minerals with very strong double refraction, such as 
zircon, a steeper wedge than usual will be required. Dr. J. 
W. Evans's arrangement of two quartz -wedges with their 
optic axes perpendicular to one another (Min, Mag.j vol. xiv., 
1905, p. 91) has many useful applications. 

Twin-crystals. — Except in certain sections, the two halves of a 
simple twin, or the adjacent lamellae of a repeated twin, will give 

* The two colour-effeots can he seen simultaneously by means of St()ber'i9 
Rouble <|uartc plate {Zeitachr. /itr Kiyst,, Bd. xxix., 1897, p. 22). 
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dififerent colours between crossed nicols, and will haye different 
angles of extinction (fig. 18, a). The polariscope indeed at once 
reveals the composite character of many crystals in which twin- 
ning would otherwise be undetected. Cases of cross-twinning, 
as in miorocline, also occur. The surfiace of junction of the parts 




of a twin is seen under the microscope to be often step-like or 
even irregular ; and in cases of repeated twinning the lamelln 
are sometimes wedge-shaped, and do not run from end to end of 
the crystal-section. 

Aggregates. — Ordinary aggregation must be distinguished be- 
tween crossed nicols from twinning by the absence of regularity 
in the grouping of the constituent parts. A false effect of 
regularity is oftien set up where a mass is composed of fibres 
Ijring in all directions. Between crossed nicols, the fibres that 
happen to lie with their vibration- traces at 45* to the diagonals 
of the nicols show their brightest interference-colours, and catch 
the eye unduly. These fibres clearly form two sets, perpen- 
dicular to one another ; and thus the illusion of a rectangular 
meshwork arises. If the stage is rotated, however, the two series 
of briffht fibres give way continually to others, thus changing 
their mrections in the slide. 

When, however, a globular aggregate, as so often happens, is 
composed of a number of minute prisms, whether arranged 
radially or tangentially, a black cross will result between crossed 
nicols in ordinary polarised light, from the fact that the com- 
ponents lying in the positions of extinction all become dark at 
the same time (fig. 20, a and b). 

If the directions of extinction agree with the axes of form, the 
arms of the cross will appear upright and horizontal in the field. 
If such an aggregate is ellipsoidal, but still built radially, the 
black cross will be unaffected by rotation of the stage (fig. 20, c) ; 
btit if built by tangential additions, its arms approach or recede 
during rotation (fig. 20, d and e). 

If the aggregate is built up of irregularly curving tufts and 
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fibres, several dark arms maj appear, altering their forms, as 
well as their positions, daring rotation. 

Isotropism. — If a section remains equally dark between crossed 
nicols through a complete rotation — id degrees is in reality suffi- 
cient—it is said to be Isotropic. Such bodies are : — 

1. Amorphous and colloid, such as glass or opaL 

2. Minerals of the cubic system, the velocity being the same 
for rays propagated in all directions, and no double refraction 
occurring. 

3. Baud sections of minerals of the tetragonal and hexagonal 
systems. 

In nature very few bodies are absolutely isotropic, owing to 
the stresses to which they are subjected in the earth ; but the 
test is a very valuable one in picking out cubic minerals. In 
cases where the section is truly isotropic, but may yet belong to 
a uniaxial mineral, the use of convergent polarised light (p. 151) 
will set the question at rest, no black cross being obtained if the 
substance is really cubic. 

Distortion and AnomalieB. — The geologist must be prepared to 
find himself continually confronted by difficulties over which he 
can have no control. Even in estimating extinctions, bending 
of or pressure on the crystal may interfere with the results of 
this comparatively simple operation. Such distortions frequently 
occur, and one end of a crystal will be seen to give a totally 
different colour between crossed nicols irom that given by the 
other. A crystal in which strains have been set up will some- 
times send a wave of extinction from one end to the other during 
rotation. Hence in all refined observations the object must 
be very cautiously selected. 

The anomalous double refraction of minerals of the cubic 
system is now well recognised, and is probably accompanied, as 
in leucite, by a true external reduction of symmetry. To exclude 
garnet, or haiiyne, or even the much discussed leucite, from the 
cubic system on account of their optical behaviour and anomalies 
of form would be the first step towards the abolition of the 
system or to the admission that most cubic minerals are dimor- 
phous. It would seem that symmetry so complete and exacting 
is unable to survive amid the varying temperatures and pressures 
that assail crystals from the first moment of their consolidation. 

Ordinarily, however, the anisotropism of these anomalous 
cubic crystals reveals itself in tints of a very low order — in fact, 
the grey and white at the opening of the scale. Only in sections 
of some millimetres in thickness is coloured polarisation con- 
spicuous. 
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Similar strains disturb the optical characters of minerals when 
viewed with convergent light ; so that the observations to which 
we now proceed must be made on a number of sections of the 
same mineral in a slide before accurate conclusions can be drawn. 
Uniazial and Biaxial Giystals in Convergent Polarised Light — 
The chief use of the sub-stage condenser in dealing with rock- 
sections is the determination of the uniaxial or biaxial character 
of doubly refracting minerals. A mineral-section is selected 
with the low power which appears suitable from a consideration 
of the probable position of the optic axis or the optic axial plane. 
Having been moved into the centre of the field, a high power, 
preferably an eighth-inch, is brought to bear on it, and the 
condenser is adjusted so as to converge the rays within the 
crystal. The nicols are crossed and the eye-piece is removed, 
the eye probably requiring to be held at a little distance frt>m 
the top of the tube. As already mentioned, a lens may be used 
above the objective that will bring the optic axial figure within 
the focus of the eye-piece, which is thus retained ; but it is note- 
worthy that observers of great eminence have preferred the 
smaller but brighter results given by the simple observation 
down the tube. 

Eotate the stage, and, if the section is at all favourably cut, a 
dark shadow will move across. Some minerals with a strong 
double refraction, such as epidoto, will show in addition coloured 
rings even in thin sections. The thicker the section, the more 
of these iris-tinted rings will appear within the field. 

The indications of the rings and shadows, subject to the 
cautions given under the last beading, may be stated as follows. 

a. UniaaM Minerals, — 1. An isotropic section should, it 
possible, be selected — Le,, one perpendicular to the optic axis. 
In the case of quartz, owing to rotatory polarisation, thick 
sections thus cut show a colour, which, however, does not 
become extinguished on rotation of the section. 

A section perpendicular to the optic axis will show a black 
cross, which is unchanged on rotation. Sometimes coloured 
circles may be seen round it. The arms of the cross are parallel 
to the vibration-planes of the nicols (fig. 21, a). The microscope 
should be tested on a good section of calcite, devoid of flaws, 
since little errors in the construction of the condenser may 
cause the cross to divide at the centre during rotation as if the 
mineral were biaxial. 

2. If the section is oblique to the optic axis, the rays travers- 
ing it parallel to that axis may still be able to enter and emerge 
from the objective. In this case the centre of the black cross 
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will appear, but will not be in the centre of the field, and will 
shift its position as the stage is rotated, thus moring round in a 
circle (fig. 21, h), 

3. If the section is still more oblique to the optic axis, the 
centre of the black cross will lie outside the field, and only one 

Fig. 21. 

of its arms will become yisible at a time. Thus on rotation a 
black bar will move across the field, keeping in a vertical position, 
followed by one moving across in a direction at right angles to 
the former, thus keeping in a horizontal position ; when this has 
disappeared, the third arm appears, moving like the first ; and 
then the fourth, moving like the second. The absence of 
deflection in the dark bars is the point to be especially noted 
(fig. 21, 0, dy and e). 

Strain will destroy this regularity ; some biaxial minerals, on 
the other hand, have so small an optic axial angle that the 
figure given by them scarcely deviates from the black uniaxial 
cross throughout a complete rotation. 

&. Bicudal MineraU. — 1. If cut so that the rays parallel to an 
optic axis reach the eye, the section shows a dark bar which 
swings round on the rotation of the stage, moving in an opposite 
direction. At the same time it becomes hyperbolic, straightening 
itself out in four positions during rotation. Coloured rings may 
possibly surround the optic axis, as above described. 

Since the bar becomes straight when the trace of the optic 
axial plane is parallel to the vibration-plane of either nicol, and 
since the bar then lies along this trace, it may be of service as 
giving the position of the optic axial plane in the crystal. 

When the section is oblique to the optic axis, o, through which 
the black bar passes, this moves round the centre of the field 
(fig. 21, /, g, and h). 
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2. If the section is more oblique to the optic axis — i.e., if it 
approaches more nearly to a direction perpendicular to one of 
the bisectrices — the dark bar maj escape from the field during 
rotation. 

3. If the section is perpendicular or approximately perpendi- 
cular to one of the bisectrices, preferably the acute bisectrix, a 
black cross will appear when the optic axial plane is parallel to 
the vibration-plane of either nicol. Sotation at once causes a 
separation of the cross into two hyperbolae, though in a few 
minerals this separation is very slight ^fig. 21, i and j). 

In the examination of thin sections, ooth the optic axes of the 
figure in the case we are considering generally lie outside the 
limits of the field, and hence, when the optic axial plane is at 
45° to the diagonals of the nicols, both the hyperbola are carried 
out of sight. Their convex sides always £aoA the bisectrix which 
emerges in the field, and the thinner arm of the black cross that 
can be formed by them lies along the trace of the optic axial 
plane. 

This occurrence of t^o dark curves sweeping across the field 
and uniting at every 90* of rotation to form a cross is one of the 
best features by which biaxial crystals can be determined. In 
default of so good a figure, the curvature of the single bars that 
oome into view must be noted, in opposition to the permanent 
straightness of those of uniaxial crystals. The typical figure 
given by biaxial minerals may be well studied in muscovite, and, 
commencing with a thick piece, the specimen should be thinned 
down until the hyperboln are accompanied by the merest trace 
of coloured rings. 

In certain special cases, finally, where it is known that the 
section is perpendicular to the acute bisectrix, the optical sign of 
the crystal can be simply determined. The trace of the optic axial 
plane is set at 45° to the diagonals of the nicols ; since it is one 
of the vibration-traces of the crystal-section, determine with the 
quartz wedge in plane polarised light whether it corresponds to 
the ray of greatest or least velocity (se« p. 147). If greatest, that 
is to say, if compensation occurs when the wedge is thrust along 
this direction, then the vibration-trace perpendicular to the optic 
axial plane is that of the slow ray in the section. Since this latter 
direction is always the vibration-direction of the ray of mean 
velocity in the crystal as a whole, the acute bisectrix, the normal 
to the section, must be the vibration-direction for rays of least 
velocity in the crystal, which is, therefore, positive. If the 
experiment gives a reverse result, the crystal is negative. 
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CHAPTER XVII. 

THE CHARACTEB8 OF THE OHIEF ROGK-FORMIKG MINERALS IN THE 
ROOK-MASS AND UNDER THE MICROSCOPE. 

Under this heading are given the characters presented by 
common minerals as they occur in rocks, the order followed 
being alphabetical. The minerals of first importance are 
printed in thick type. Each description is divided into two 
parts : — 

I. The most striking characters of the mineral as it appears 
embedded in the rook-specimen, with one or two additional 
notes. 

II. The characters it exhibits in microscopic sections. Many 
of these characters can of course be observed in isolated grains 
(p. 132). The abbreviations used are as follows : — 

Comp, — Ghemioal compoBition. 

Syst. — Crystallographic system. 

Form, — Ordinary form, or outlines in sections. 

Cleav. — ^Cleavage. 

End, — Enclosures. 

ZoTL — ^Zone-structure. 

Refr. Index, — Average index of refraction (determined with yellow 
light). The figures are mostly those given by L^vy and Lacroix, Tableaux 
des Min^raux aes Roches, 

CoUaut, — Colour as seen in ordinary light. Variations according to the 
face viewed (face-colours). Appearance of alteration-products. 

PUo, — Pleochroism as observed by means of the single nicol (axis- 
colours). 

D. Rtfr. — Double refraction. This is "strong" when the difference 
between the greatest and least index of refraction in the crystal is large 
(say 040), and *'weak" when this difference is small (say *00d). In the 
former case we have ** high " colours, in the latter ** low." 

Ji^tnct.— Positions of extinction. 

Opt, «H^.~ Optical sign; including character of the acute bisectrix, 
and its position. 

THm'fM.— Characteristic twinning. 
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Aetinolite. — ^A non-aluminous amphibole^ Special points: — 

I. Long prisms, distinctly green; often in radial bunches. 

II. Cohur — Pale green to colourless. Fleo. — Faint tints of 
green. 

J^o<e.— See Hornblende and Tremolite. 

.^k^iRiNB. — See Soda-Pyroxenes. 
Albite. —See Plagioclases. 
Amblystboitis. — See Rhombic Pyroxenes. 
Amethyst. — Like quartz. Special points : — 

I. Violet colour; occurs in cavities of rocks. 

II. Pleochroic when the section is thick enough for the colour 
to appear. 

Amphiboles. — See Aetinolite, Anthophyllite, Hornblende, 
SodarAmphiboles, Tremolite. 

AvALOiME. — Camp. — Some varieties « Na Al Sig O^ + H^ O. 
Syst, — Probably cubic. 

I. In cavities of rocks ; colourless glassy-looking or opaque 
white icositetrahedra, commonly in groups. 

II. Befr, Index, — Near lencite (1'487). D. Re/r. — Sometimes 
anomalous, in grey and greyish-white tints; sometimes forms 
an isotropic ground-mass between other minerals. 

^ote.— Fuses easily, and gelatinises in HCL Compare leuoite, which it 
resembles externally. If the substance is transparent in the mass, it is 
very probably analcime rather than leucite. Analcirae may oocnr as a 
deoomposition-prodnct of nepheline. 

Akatasb.— Com;?.— Ti 0^. ^Sy**.— Tetragonal. 

I. Occurs as brilliant blue-black to black modified bipyramids, 
which, though commonly about 3 mm. long, catch the eye by 
their lustre on the surfaces of rocks. Is found sometimes on dis- 
solving limestones or extracting the heavy minerals from sands. 

IL Ee/r. Index— Yerj high (2-52). 

Andalusite. — Comp, — Alj Si O5. SysL — Rh ombic. 

I. Sometimes seen as well-marked grey or pink prisms in 
schistose rocks, nearly square in section, or merely rod-like and 
poorly bounded (specific gravity = 3-18). 

II. Form — Small granular, as in Oornish granites, to rod-like, 
as in schists. Refr. Index — 1*638. Colour — Colourless, or face- 
colours faintly pink or green. Plea, — Remarkable, from palest 
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green to a browniBh or pinkish red. Obscured in the imperfect 
specimens in schists. A R^. — 'Oil. 

^0^.-^66 Chiastolite. 

Anorthite. — See Flagioclases. 

Anobthoolasb. — See Microcline. 

Anthophtllitb. — Comp, — (Mg, Fe) Si O3 with Al, Og at times 
(Gbdbitb). Sy9t. — Ehombic. 

L Not known as a common constituent, but may assume 
importance when closely looked for. Occurs as groups of long 
prisms in some metamorphic rocks, and among the zones of 
secondary minerals in some altered gabbros. 

IL Form and Cleav, — Practically the same as hornblende, but 
with rhombic symmetry. Colour — Oolourless in examples at 
present known. Extinct, — Ehombic, i.e., straight, extinctions. 
Soda-hornblendes and brown ferriferous hornblendes have, how- 
ever, only a small angle of extinction. 

Apatite.— C7omp.— 3 Ca^PsOg + Oa (01, F)^ i^y^^.— Hexagonal. 

I. Sometimes yisible as yellowish-white streaks in metamorphic 
rocks, scratchable with the knife; but, despite its abundance, 
commonly too small for detection with the eye. 

n. Form — Long prism, giving hexagons and adcular forms. 
Occurs as minute crystals included in the other minerals of the 
rock; rarely in larger prisms. GJsav, — Not seen. End, — 
Absent. Bejr, /ncto— Higher than felspars (1*637). Colour — 
Colourless; no decomposition-products. D. Re/r. — Somewhat 
weaker than felspars. Opt. Sign — Negative. (Fig. 27.) 

NoU, — ^Nepheline cryatallises in shorter prisms, oommonly contains 
enclosures, and readily dooomposes, showing yellow -brown sections. 
Primary quarts does not occur in prisms in igneous rocks ; quarts is 
positive. 

Aragonite.— Cbmp.— Oa Og. Syst. — Ehombic. 

I. Oommon in the deposits of warm waters (pisolitic grains, 
&c.) and as a constituent of the shells of many genera. Forms 
also radial groups in the cavities of altered rocks. Specific 
gravity = 2*93 ; calcite = 2*72. Slightly hanler than calcite, 
which it consequently scratches. Michrochemical test, see p. 36. 

II. Form — Prismatic, the compactness of grouping often 
veiling this in sedimentary rocks. Befr. Index— "Kigher than 
calcite ( 1 '632). Colour — ^Colourless. D. Befr. —Colours like cal- 
cite. Optic axial plane, the macropinacoid. Extinct, — Ehombic 
extinctions. Opt, sign — The vibration-direction for the fastest 
ray coincides with vertical axis; it is the acute bisectrix^ and 
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the mineral is thus negative. In calotte also the yertioal axis is 
the yibration-direction for the fastest ray. 

Abfyedsohitb. — See Soda-Amphiboles. 

Angite.— <7cwip.--w(0a,Mg,Fe)SiO3+n(Ca,Mg,Fe)(Al2,Fej)SiO, 
(for constitution, see Oroth, Tab. Uebersioht, 1898, p. 146). 
Syst — Monoclinic. 

L Black and often short prisms, or granular groups between 
felspars. Sometimes dark or pale green. Cleavage-surfaces 
often visible. Slightly scratched with knife. Forms sometimes 
ophitio masses, and appears as if uniformly infilling the spaces 
between the felspars, or around granular olivines. 

n. Form — Prismatic, with eight-sided cross-sections, both 
pinaooids being developed as well as the prism. Angle of the 
latter 87^ (figs. 38 and 40). Vertical sections show the trace 
of one or both the characteristic half-pyramid planes. Ofben 
granular or ophitic. Oleav. — Prismatic, showing thus in cross- 
sections a series of cracks intersecting nearly at right angles. 
End, — Glass and crystalline enclosures fairly common. The schil- 
lerised forms pass over into diallage and "pseudo-hypersthene." 
Zofk — Oommon in large examples. B^, Index — 1*72. Colour 
— Typically yellow -brown to purplish - brown. Occasionally 
pale green. The more strongly green varieties are described 
under soda-pjroxene. Pleo. — Very slight, except in the soda- 
pyroxenes. Z>. lUJr. — Fairly sti*ong, the colours commonly being 
the pinks, yellows, and greens of the second and third orders. 
Optic axial plane is the clinopinacoid. Extinct — On clinopinacoid 
40* to 50" away from principal axis. Hence typically a large 
angle as opposed to hornblende. This is reduced in soda- 
pyroxenes. Opt sign — Positive. The vibration-direction for 
the fastest ray points towards the obtuse angle that is usually 
seen in vertical sections — 1.0., that formed by the traces of a 
pyramid plane and the orthopinacoid. Ttoins — Fairly common, 
a number of repetitions arising towards the centre of the crystal, 
and an untwinned portion occurring on either side. Composi- 
tion-plane the orthopinacoid. 

Note. — Hornblende very oommooly arises as a partial or complete 
replacement of aueite, beme developed from it by paramorphic change, 
the resulting pseudomorph being uralitb. The outline of the ausite u, 
however, commonly not preserved, aotinolitlo needles spreading through 
the mass and proiecting from it, or larger homblendic forms appearing 
round about it and in most intimate oonnexion (fig. 27). 

For allied pyroxenes, see coccolite, diallage, diopside, and 
soda-pyroxenes. Also rhombic pyroxenes. 

Bastite. — A name at one time applied to the serpentinous and 
schillerised pseudomorphs after rhombic pyroxene that oftei^ 

Digitized by VjOOQ IC 



158 ROCK-FOBMINO MINERALS. 

occur in serpentine-rock and sometimes side by side with but 
slightly altered augite. 

I. Generally resembles diallage. 

II. Generally resembles diallage. Colou/r — Pale brown or 
green, in the latter case oiten with separated granules of 
magnetite. Pleo. — Fair in the green examples. D, Befr, — 
Usually shows effects due to the presence of residual unaltered 
pyroxene. Extinct, — Rhombic; parallel thus to the cleavage 
and schiller-planes in most sections. 

Biotite.— (7owp.— (H, K)2 (Mg, Fe)2 (AI3, Fe^) SigOij (after 
Groih), A typical and common ferro-magnesian mica. For 
general characters see micas. Special points : — 

I. Commonly dark green or bronze-black. A very abundant 
constituent of igneous rocks, particularly in the syenite and 
diorite groups. 

II. Colour — Brown or green j but sometimes colourless. The 
striking pleochroism gives dark basal sections (t.0., those showing 
no cleavage), and far lighter vertical sections. The latter are 
very often straw-yellow, the former reddish-brown. Decomposes 
to green chloritic products. Pleo. — Intense in vertical sections, 
often yellow-brown to grey-brown ; darkest tint when shorter 
diagonal of nicol is parallel to basal cleavage. Not perceptible 
in basal sections, the typical mineral being practically uniaxial. 
D, Refr, — Strong ('058). Colours seen only in very thin sections. 
Basal sections practically isotropic. Convergent light gives a 
nearly uniaxial figure. (Figs. 24 and 27.) Even when the 
section is in a position of extinction, light spots usually appear 
in it, owing to local bending of the mineral daring grinding 
(H. S. Jevons, GeoL Mag,, 1893, p. 82). 

Note, — Distinguished in rock from hornblende by lustre, platy character, 
and hardness ; in section by single cleavage, ragged fibrous edges, the light 
spots above mentioned, ana the fact that Ihe iMisal sections are the darkest 
and show no cleavage. Compare notes on phlogonite. Biotite, like horn- 
blende, is often altered, by tne action of a not enclosing magma, into mere 
black skeletal forms. 

Bronzite. — See Rhombic Pyroxenes. 

Calcite. — (7om;>.— Ca C Og. Syst,-^ Hexagonal (Trigonal). 

I. Recognised by its cleavage- surfaces and hardness ( — 3). 

II. Form, — Oval or irregular granules, fitting against one 
another, in veins or cavities, or forming the mass of a crystalline 
limestone. Cleav. — Rbombohedral, often bent by pressure, giving 
two or even three series of obliquely intersecting lines, which are 
very clear, and along which reflections often give rise to inter- 
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ference colours in ordinary light. Reft, Index — 1*486 for rays 
Tibrating parallel to optic axis, and 1-658 for those vibrating 
perpendicular to it. Uenoe the rapid rotation of the polariser 
produces a sort of twinkling effect, owing to the difference, of 
"relief (p. 141) shown by rays vibrating in different directions ; 
and caloite -can often thus be picked out in the preliminary 
examination of a slide. Colour — Colourless. D. JReJr. — Very 
strong, so that colours of the fourth and higher orders are alone 
visible in ordinary slides, the tints being often practically white. 
Opt. sign — Negative. Tudns — Very common, repeated, parallel 
to the negative rhombohedron, x (Oll2), the traces of their 
composition-planes running in many sections parallel to the 
cleavages. (PI. II., fig. 1.) 

NoU. — See Dolomite and Aragonite, and fig. 23. For usefal micro- 
chemical reactions, see p. 36. 

Cassitebite. — Comp. — Sn Oj. Syst. — Tetragonal. 

I. In some granites, in orange-brown to black-brown lustrous 
grains. Can be easily isolated by washing the powdered rock ; 
test with the blowpipe. 

II. Form — Prisms, squares, and granules. Cleav, — Distinct. 
Zon, — Sometimes zones of deeper colour. Eefir, Index — ^Higher 
even than garnet (2 '029). Colour — ^Yellow to red-brown, varying 
in patches in the same grain. Flea, — Conspicuous in the browner 
parts. D. Refr, — Exceptionally strong ('097), but not so strong 
as in rutile. Pink and green colours of high orders. Opt, eign 
— Positive. Twine — Common, geniculated. 

Chalcedony.— C(wnp:--Si O,. 

I. Blue-grey to browner and more flinty aggregates in the 
hollows of lavas, in limestones, and associated with flint and 
chert, which are in fact more massive varieties. Forms alternate 
layers with quartz or opal in agates. Not scratched by the 
knife. 

II. Form — Radial aggregates or minute granules. Refr, Index 
— Very slightly lower than quartz (1*537). Colour — Colourless 
to brownish. D, Refr, — Like quartz ; colours brilliant, of 
about first order. The aggregates consist of delicate fibres, 
in which the fastest ray vibrates parallel to the long axis. These 
are not, therefore, prisms of ordinary quartz. 

Chiastolite. — A white variety of andalusite with enclosures 
of dark amorphous matter regularly arranged. In sections parallel 
to the vertical axis, bands of this dusky matter may be seen 
running down the length of the prism ; in transverse sections, a 
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diagonal cross appears, commonly with a dark square at the 
centre and at each angle of the section. Or the accumulation 
of foreign matter at the angles may leave an interstitial white 
cross of the purer mineral towards the centra The mineral 
commonly arises in slaty rocks as a product of contact-meta- 
morphism. 

Chlorite. — The name of a group of minerals composed of 
silicates of magnesia, ferrous and ferric oxides, and alumina, in 
various proportions, with much water. Syst. — Probably all 
monoclinic, though many approach the hexagonal system. 
Similar crystallographic characters occur in the mica group. 

I. While resembling dark green micas, the chlorites are softer, 
being very easily scratched with the thumbnail. Their lamellea 
are less elastic than those of mica, and show more markedly the 
effects of injury and pressure. 

II. Form — Hexagonal plates and fibrous-looking, fan-like, or 
spherulitic aggregates. Often develops from green amorphous 
masses in the cavities of rocks, or as a pseudomorphic product of 
ferro-magnesian minerals. Clear, — Basal, distinct. Often dis- 
torted by pressure. Befr. Index — ^About 1*6. Colour — Yellow- 
green to blue-green. Pleo, — Noticeable in sections showing 
cleavage; yellowish when the shorter diagonal of the nicol is per- 
pendicular to the basal cleavage, and green when it is parallel to it. 
J>. Be/r. — Weak (001 to 'OH); colours mostly first order; a deep 
blue is characteristic. Extinct. — In many examples parallel to 
the cleavage; in some as much as 15^ from the vertical axis 
(clinopinacoidal sections of clinochlore). 

Note. — Compare green biotite and serpentine. 
Chloritoid (see Ottrelite). 

Ohromitb.— Cowp.— (Fe, Or) (Fcg, Crj)04 (often with MgO 
and AL Og). SyeL—Owhic 

I. Black grains and crystals, resembling magnetite, commonly 
in olivino-rocks. / 

II. Form — Granules, or squares and hexagons, derived from 
octahedra. Colour — Black and opaque unless especially thin, 
when it becomes a rich claret-brown. 2>. Eejr. — None. Isotropia 

^ote.— Compare magnetite. See also apinelloidi. 

OooooLiTB. — A granular ferriferous diopside. Occurs in some 
crystalline limestones. Colour various shades of green, almost 
or completely colourless in thin sections. See Augite. 

OORDIBRITB. — Comp. — "R^C^gy Fe)^ Alg SIjq Og^ (Farrington), 
Syat. — Rhombic. 

I. Typical colour a delicate blue, inclining to grey; forms 
glassy-looking patches in some granitoid and gneissic rocks, anc| 
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maj occur as prisms, ihoagh rarely, in lavas. Not scratched bj 
the knife, but easily decomposed and becoming thus much softer. 
n. Form — Mostly irregular grains. End. — Fibrous enclosures 
of sillimanite common, ^efr. Index — 1 *536 ; hence shows no 
pitted appearance. Colour — Colourless to faint blue. Decomposi- 
tion products greyish or yellovish-green. Pleo, — Though marked 
in thick specimens, feeble in ordinary sections. Bluish when 
the shorter diagonal of the nicol is parallel to base ; pale yellow 
when it is parallel to vertical axis. 2). Befir. — Colours commonly 
first order only. Extinct, — Rhombic. 

Kote. — See Finite. Distinguished from quartz by biaxial oharaoter. 

Diallage. — A common form of monddinio pyroxene. 

L Conspicuous by its sub-metallic lustre when the rock ia 
turned about in the hand. The lustrous separation-planes give 
it a " foliated " character, amounting, indeed, to a new cleavage 
parallel to the orthopinacoid. It cannot well be distinguished 
from bronzite, hypersthene, and bastite in the rock-mass. 

II. Like the pale brown augites, but has, in all sections but 
those approaching the orthopinacoid, a series of strong stris, 
which are the traces of planes of schillerisation. End. — Numerous 
brownish secondary enclosures on the separation-planes (fig. 30). 

Kote, — Diallafre should now be doeelv linked with augite, crystals of the 
Utter being at times diallagic on the edges. It passes very commonly into 
hornblende. 

DiopsiDB. Comp. — MgCaSigOo. A pale green scarcely 
ferriferous monocKnic pyroxene, often colourless in sections. 
See Augite ; also Olivine. 

DiPYRE (see Scapolites). 

Dolomite. Comp. — Ca Mg C, 0«. Syst. — Hexagonal (Tri- 
gonal); almost isomorphous with calcite. 

I. Occurs in cavities of rocks rich in calcic and magnesio 
silicates and may easily be mistaken for oaldte. Curved faces 
of the rhombohedron frequent. Forms, in minute or coarser 
granules, whole masses of ''limestone," which may be dis- 
tinguished from ordinary limestones by higher specific gravity 
(2*85 about) and action with acids (see pp. 36 and 70). 

II. Like calcite, but twinning is by no means common in rock- 
building forms. Well-outlined sections of rhombohedral crystals 
are characteristic in dolomite, but are rare in calcite (PL IL, fig. 2). 

ELiEOLiTB (see Nepheline). 
Enstatite (see Rhombic Pyroxenes). 

Epidote, variety Pistacite. Comp. — H Ca^ (Al, Fe), Si, O^^ 
Sf/st. — Monoclinic. 

I. When in fair-sized crystals or grains, shows the ohar- 
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acteristic yellow-green colour. Occurs often as a decomposition- 
product in fibrous groups. 

II. (see fig. 29). Form — Prismatic, but the plane of 
symmetry is perpendicular to the long axis of the crystals. 
Hence what appear to be crossHsections of the prism, with an 
angle of 115** 27', must be read as bounded by the base and the 
orthopinacoid. Occurs very often as irregular granules, spreading 
through the rock where decomposition of lime-silicates has gone 
on. At other times colourless or coloured little prisms are seen 
projecting into cavities which have since been filled with pale 
green chlorite. Cleam» — Basal perfect, orthopinacoidal often good. 
Hence on the rhomboidal sections, which at first suggest a pale 
hornblende, there are at times two cleavages parallel to the 
outline; and a slight obliquity in the cutting will make the 
characteristic angle of epidote agree with that of the hornblende 
prism. Refr, Index — 1*75, or almost as high as that of common 
garnet. Colour — At times colourless, but typically pale yellow 
or a faint yellow-green in which yellow largely predominates. 
Pleo, — Faint. J), Refr, — Stronger than common pyroxenes and 
amphiboles. Optic axial plane parallel to clinopinacoid and 
therefore perpendicular to the longer direction of the crystals. 
Extinct — Parallel and perpendiculs^ to the edge formed by the 
base and orthopinacoid in sections parallel to these planes, and 
thus ^'straight'' also in almost all the sections that look prismatic 

In clinopiuacoidal (rhomboid) sections extinction is practically 
parallel to the trace of the orthopinacoid ; in the rhomboid sec- 
tions of an amphibole it would occur parallel to the diagonals. 
Opt, Sign — Vibration-direction for the fastest ray is nearly 
parallel to principal axis and is the acute bisectrix. Twins — 
Occasionally seen ; composition-plane parallel to orthopinacoid. 

^oto.— Compare Zoisite. 

Felspars (see Orthoclase, Microcline, and Plagioclases). 

Fluor-spar. Comp. — CaFj. Syst. — Oubia 

I. Occurs in altered rocks, sometimes with tourmaline; common 
colour violet, appearing in patches between the other minerals. 
Hardness = 4. 

II. Form — Sometimes shows defined edges ; generally irregular. 
Cleav, — Octahedral, perfect, the intersections at times suggesting 
calcite. Zon, — Coloured zones occasionally, somewhat imperfect 
and sporadically developed. Be/r. Index — 1-433; lower than 
that of the balsam. Colour — Colourless, but often with violet 
patches irregularly developed. This colour is characteristic in 
small grains that might otherwise remain undetected. D, Re/r. 
— Nona Isotropic. 
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Gamet. The name of a group of minerals, the composition of 
which may be stated as (Oa, Fe, Mg, Mn)3 (Alj, Fe,, Cr,) Sig O^,. 
SysU — Cubic. 

L Commonly-red (Almandine and Pyrope); or pale brown 
(GrosBOlarite). Not scratched with the knife. Forms domin- 
ated by the rhombic dodecahedron, often rounded. The other 
minerals of the rock are often bent round the hard resisting 
garnets, which produce an eye-structure and stand out like knots. 
The easy fusibility of common garnets is a guide in cases of doubt. 

n. Form — In some lavas sharply outlined, but almost always 
in OYoid or spheroidal grains, small or large. These, in some 
'* flaser-gabbros,'' form a zone around decomposing minerals. 
CUam, — Not always seen; parallel to rhombic dodecahedron. 
End^ — Common, of all kinds, sometimes regularly arranged. 
Zon, — Occasionally seen, as in the coloured zones of melanite 
(lime-iron-titanium garnet). Refr, Index — ^Exceptionally high, 
about 1*770. The outlines become thus very strongly marked 
where they come against most of the other minerals in a slida 
Co^cmr—Colourless to pink or brown (melanite). Commonly a pale 
but unmistakable pink. D. Refr, — Isotropic, but with fairly fre- 
quent anomalous double-refraction, showing grey tints. (Fig. 43. ) 

Gbdbite (see Anthophyllite). 

Glauoonitb (see p. 191). 

Glaucophanb (see Soda-amphiboles). ' 

Graphite. Comp, — C. 

I. Occasionally forms considerable beds and masses. Best 
recognised by characters stated on p. 71. 

II. Opaque ; steel-grey by reflected light, resembling granular 
magnetite. 

Gypsum. Comp. — CaSO. -h SH^O. i^*<.— Monoclinic. 

I. Found in washings of clays ; also as crystalline masses (gyp- 
sums of the Alps; alabasters). Scratchable with the thumb-nail. 

n. Form — Commonly seen as little rhomboidal cleavage- 
flakes. The angle between the pyramidal and orthopinacoidal 
cleavages, which bound these forms, is US'" 51', and is often 
useful for measurement. CUav, — Clinopinacoidal perfect; the 
two cleavages above mentioned are also developed. Refr, Index 
— 1-524. Colour — Colourless. D, Refr. — ^Low; beautiful clear 
colours. Optic axial plane is the clinopinacoid. Twine — Fairly 
common, on orthopinacoid, producing the '< arrow-head twin.** 

HiBMATiTB. Comp. — FegOg. SyeL — Hexagonal (Trigonal). 
In sections shows clear orange-red plates, or granular patches 
associated with magnetite or decomposing ferriferous minerals. 
By -reflected light characteristic red colour. See Limonite. 
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Hautkb. Ccmp. — (Na,, Oa)5 Al^ Si^ 0,4 . 8, Og. See Noiean. 
Syat, — Cabio. 

I. Sometimes recognisable as blue or dark-grej crystals or 
granules on broken surfisbces of layas. Yitreoos lustre when blue 
and fairly fresh. 

IL Form — Hexagonal or square, resulting mainly from sections 
of rhombic dodecahedra. Often minute. End. — Abundant 
enclosures grouped in straight lines, often rod-like and at right 
angles to one another. Under a ^-inch objective these appear 
like a black cross-hatching, which is particularly marked towards 
the centre of the crystal. Zon, — Often a darker or lighter zone 
at edge. Where the crystal is corroded, the dark zone often 
follows the outline and is thus seen to be a phenomenon of alter- 
ation. R^, Index — About 1*5, or lower than the balsam, but 
not so low as fluor-spar. Cclov/r — Colourless, with grey-blue 
dusky centre ; or blue throughout ; or clear blue towards margin 
and colourless within. 2). Refr, — Isotropic; but occasional 
anomalies, as in leucite, the colours being very low greys. 

NciU, — See Noeean. Lapis-Lazuu appears to be an allied apeoies. 

Hornblende. Camp. — m(Mg, Ca, Fe)SiOL + n(Mg, Ca, Fe) 
(Al^, Fe,) Si 0« (for constitution, see Oroth, Tab, UOeraicfU, 1898, 
p. 151). Olosely comparable to the monodinic pyroxenes. Sy$L 
— Monoclinia 

I. like augite, but prisms often longer, and of more fibrous 
aspect. Tends to form in radial bunches in fissures and on joint- 
surfiftces. Common in minutely fibrous and actinolitic forms as 
a product of paramorphism from pyroxene. 

Smabagditx, which is thus produced, is a bright green, as seen 
in some gabbros. On many rock-surfaces the form of the cross- 
sections of the prism ^see below) can be clearly seen. 

II. Farm — ^Prismatic, commonly with six-sided cross-sections, 
the bounding planes being the prism and the dinopinacoids. 
Prism-angle about 124*, the rhombus thus formed being cut 
off at its acute angles by the traces of the dinopinacoids. 
Often minute fibrous groups and yeins occur. Surrounds 
altering pyroxenes, and often occurs as patches in them. 
Cleav, — Prismatic; in cross -sections the deayages commonly 
show yery clearly, the obliquity of their angle contrasting 
with the rectangular deayages of the pyroxenes (figs. 26, 35). 
Fnd. — Being itself so often a product of alteration, does 
not' pass into schillerised types such as are preyalent 
among pyroxenes. Zan. — Somewhat rare ; a dark zone of 
alteration sometimes appears at edge, where the crystal 
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has been acted on by a hot matrix, separation of magnetite having 
taken place. Eefr, Index — ^Abont 1*65; thus shows pitted sur- 
faces. Colour — Pale yellowish to strong brown (varieties with 
much ferric oxide); or pale green to dark bluish-green. Skabag- 
DiTB is often almost or completely colourless in section; in thicker 
sections, a clear grass-green. The &ce-pleochroum of hornblende 
causes sections parallel to the principal axis to be of a distinctly 
darker colour than the cross-sections. Pleo, — ^Yery marked in 
the coloured varieties, the axis-colours giving yellow-brown to 
de^ brown or almost black, and pale yellow-green to strong dark 
green. In vertical sections the maximum coloration occurs 
when the shorter diagonal of the nicol is parallel to the principal 
axis. Compare tourmaline and biotite. D. Refr, — Fairly strong ; 
colours like augite. Optic axial plane is the clinopinacoid. 
EoaincL — On clinopinacoid sometimes almost '' straight ; '' angle 
with principal axis commonly about 10* or 12', rising to 22*. 
Hence in random prismatic sections typically a small angle, as 
opposed to that of augite. The longer direction in prismatic 
sections is practically parallel to the slowest-ray vibration-trace. 
Twins — Fairly common, mostly simple; composition-face parallel 
to the orthopinacoid. The pleochroism makes their detection 
easy by means of the single nicol only, the two halves appearing 
differently tinted* 

Aote.— The cleavages in oross-Motiont form a safe means of diBtingnishing 
the amphiboles from the pyroxenes ; the pleochroism is slso commonly an 
excellent enide, bat it most he remembered that pale hornblendes cannot be 
strongly pleochroic, while soda-pyroxenes are so in a fair degree. Note also 
the common form of the cross-sections. The destructive action of the magma, 
referred to above under ''Zoning," often leaves only black and opaque 
skeletons of the hornblende crystals (oompare Biotite). For allied ampni- 
boles see aotinolite, soda-amphibole, and tremolite. Also anthophyllite. 

Hyperethene (see Rhombic Pyroxenes). 

Ilmenite (see Titanic Iron Ore). 

Iron. — ^Native iron is of very rare occurrence except in meteo- 
rites. It may be micro-chemicaUy treated by placing a drop of 
acid solution of cupric sulphate on a grain or section ; if native 
iron is present, copper will be at once deposited. It also decom- 
poses the solution of ammonium molybdate used for detection 
of phosphates, a fine blue precipitate being formed, which does 
not occur when iron oxides are examined. Metallic iron is 
whiter and more lustrous than magnetite when viewed with re- 
flected light under the microscope. Opaque in transmitted light. 

Iron FyritefL Comp.—¥e S,. Syat—Pjiite is cubic (the easily 
deoomposinff mabcabitb is rhombic). 

L The ouDic form is commonly recognisable with the eye or 



Digitized by VjOOQIC 



166 BOCK-FOfiMINO MINBttALS. 

lens; the hardness ( = 6*5) distinguishes it from pyrrhotine (4) 
and copper pyrites (3*5 ). The colour is also whiter and more 
brassy. 

II. Form — Mostly squares. Colowr — Opaque by transmitted 
light; shows a brass-yellow colour, almost silvery-yellow, by 
reflected light. Easily thus distinguished from maguetite. 
Sometimes decomposed to opaque brown or brownish-white 
pseudomorphs. 

S[aolin. Gomp. — H4 Alg Sig O^ Syat — Monoclinic or triclinia 

I. The soft white decomposition-product of felspars, often 
found as a powder between the crystals of granitoid rocks or in 
the matrix of el vans, ko, 

n. ^orm— Occasionally shows well-defined hexagonal plates. 
Colowr — Colourless. The powdeir products occurring in sections 
of felspars appear opaque white by reflected light 2>. Refr. — 
Being extremely thin, the little plates may give low colours, 
though the double refraction is in reality strong. Extinct — 
Basal plates are not isotropic ; they have been said to extinguish 
parallel to lines which are not perpendicular to any of the 
bounding edges. 

Ktanitb. Comp. — Al^ Si O5. AS'ys^.— Triclinic. 

I. Known by its beautiful blue colour and easy macropinacoidal 
cleavage, the mineral becoming truly lath-shaped on fracture. 
Sometimes in little blue granules, the colour being more delicate 
than that of haiiyne. Found in some rocks of metamorphic origin. 

H. Form — Often granular. Cleav. — Distinct. Eefr, Index — 
High ; slightly above olivine. Colour — Colourless, but blue in 
thick sections. D, Be/r, — Between felspars and augite. 

Labradorite (see Flag oclases). 

Leucite. Comp.—CK, Na) Al Si^ 0^. Syat — Probably cubic 

I. Small or large opaque white spheroidal crystals (icositetra- 
hedra more or less rounded by external action). The small ones 
appear dull white throughout, but the larger show on fracture a 
translucent interior with almost a gummy lustre. Hardness 
very little below that of felspars. At present known almost 
exclusively in lavas. 

IL J^orm — Octagonal or almost circular sections ; several often 
grouped together. (7^t?.— Not visible. ^ncZ.— Foreign bodies, 
such as glass-enclosures, are often grouped regularly in zones or 
radially, forming sometimes a considerable part of the bulk of the 
crystal. The smaller leucites in the groundmass of lavas seem 
particularly to affect this habit. Zon, — As above stated, marked 
by enclosures. Re/r, Indfx — 1*508, and thus below that of the 
balsam. Colour — Colourless, but becoming earthy brown where 
decomposed. D. i?fl/r.— The smaller crystals are commonly 
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isotropic; but the larger show a complex system of lamellfiB 
crossing one another and light or dark grey in colour. In very 
thick sections (say 2 or 3 mm.) these lamellfle appear brilliantly 
coloured, like thick glass under stress, (Figs. 37, 40.) 

i^ote.— Infusible, gives strong potassium flame-reaction (p. 86), and does 
not gelatinise in H 01. Compare Analcime. 
Lbucoxehr (see Titanic Iron Ore). 

Limonite. Comp.— He Fe^ O^ A common earthy brown pro- 
duct of the alteration of ferriferous minerals. Orange-brown 
stains around sections of such minerals in altered rocks may be 
attributed to limonite. Seen commonly as a cementing material 
in sandstones. Yellowish-brown by reflected light. 
Magnetite. Comp.—Ye^O^. Syst. -Cnhic 
I Iron-black grains or octahedra, with lustrous fracture-surfaces. 
Not scratched by knife. Well developed in some chlonte-schists. 
XL Jf'orw— Sections of octahedra (squares and hexagons), or 
mere grains and patches. In the glassy groundmass of rocks 
forms skeleton-crystals of cross-like patterns, or rods and strings 
of united crystallites. Occurs also as a product of the decom- 
position of minerals, when iron is left behind after the removal 
of other bases. Thus the cracks of olivine are often marked out 
bv maimetite (6g. 31), and the hornblendes of some lavas become 
dissolved away, leaving a skeletal pseudomorph of magnetite 
granules. Co^otir— Opaque even in thinnest sections ; steel grey 
by reflected light. 
i^o<e.— Compare Cbromite, Iron pyrites, and Titanic iron ore. 

Melilite (see p. 262). 

l^cas.— The mem\iers of this important group that are most 
frequently met with have so many characters in common that 
these are treated together here. (7awp.— Two broad chemical 
groups may be formed, the alkali micas and the magnesium-iron 
micas ; writing the bases in descending order of importance, the 
micas of the latter group are silicates of magnesia, alumina, iron, 
and alkalies, while those of the former are silicates of alumina, 
alkalies, iron, and magnesia. Syst. — Probably all are monoclinic. 

I. The micas appear as lustrous little plates, silvery, bronze- 
coloured, green, or black, with a most exceptionally good basal 
cleavage. The knife scratches them easily, producing a very 
characteristic grating sound, audible even when minute flakes are 
operated on. The thumb-nail scratches them with difficulty, if at 
all (compare chlorite). Viewed from the side, the cleavage gives 
them a lamellar appearance and the characteristic lustre is lost 

II. i^<»w— Hexagonal basal sections, often mere platy areas 
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with ragged edges. The lamellar character can commonly be 
seen by examining the margin of such sections with a ^ or 4-inch 
power. Vertical sections are rectangular; but commonly the 
traces of the prism planes are lost, the edges of the deayage-planea 
giving a ragged fibrous boundary, and the traces of the basal 
planes being on the contrary very sharp. Often bent and de- 
formed among the other more resisting minerals. Cleav. — 
Basal, exceedingly well marked. End, — ^Dark patches often 
appear ; some may be true enclosures, while others are developed 
around colourless enclosures of zircon, &c. Zon, — Ooloured zones 
sometimes (but rarely) visible in basal sections. Refr. Index — 
Higher than quartz ( » about 1 *58). Golow — Colourless to brown 
and green. Darkest in basal sections. Decompose to green 
chloritic products. Pleo. — Yery strong in coloured varieties. 
Darkest tints occur when the deavage-lines are parallel to the 
shorter diagonal of the nicoL D. Refr, — Exceptionally strong 
(about '04), being higher than common epidote. The optic axial 
plane is parallel to the clinopinacoid or the orthopinacoid ; the 
basal sections (or, better still, cleavage-flakes taken from the 
rock-specimen direct) show admirable figures with convergent 
li^ht, the optic axial angle being 0° to about 70**. Extinct, — 
Vertical sections extingiush perpendicular and parallel to the 
basal cleavage, the minute deviations from this rule not being 
recognisable in rock-sections. Opt, Sign — Negative ; the principiJ 
axis is practically the vibration-direction for the fastest ray, the 
deviation of the acute bisectrix from it being inappreciable. 

Note, — See Biotite, Muscovite, and Phlogopite. In oases of doubt it is 
best to speak merely of "dark mica" or "hght mica" until better tests 
can be applied. 

MiGBOOLiNE and Soda-Migboglike (Anorthoglasb). — Camp. 
— Like orthoclase and soda-orthoclase. iSy«<.— rTriclinic; pseudo- 
monoclinic. 

L The common felspar of graphic granite. On its surfaces 
the lens generally reveals a structure of opaque little whitish 
rods crossing at right angles and alternating with somewhat 
more translucent areas. Flesh-red, yellowish, or green (Amazon- 
stone). G « 2-57, to 2-60 in soda-microcline. 

II. Resembles orthoclase, but shows with crossed nicols a 
more or less defined system of repeated twinning, the minute 
lamellar components crossing one another nearly at right angles 
and producing a coloured mesh-work.* As Eosenbusch shows, 

* Sabersky's ingenious explanation of this effect {Neuee Jahrb.fur Min,, 
Beilage BcL vii., 1891, p. 360), as due to the crossing of the lamellsB of only 
one set of twin-components, those of the albite type, is difficult to verify, 
but must clearly be taken into consideration. 
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if ond group be set upright in the field, and rotated until ex- 
tinction occurs in one of the sets of lamelln composing it, one 
set from the group lying perpendicular to the first is, in most 
sections, simultaneously extinguished. Black bands crossing 
one another at light angles are thus conspicuous in the field. 
In the zone parallel to the microdiagonal, the maximum angle 
of extinction for the albite-type of lamelln is 18**. 

In basal cleayage-plates, extinddon occurs at 15^* from the 
trace of the pinacoidal cleayage (at 0** in orthocuuie). Befir. 
Indesc^l'b26. (See Plagioclases, and fig. 26.) 

Muscovite. Co»^.— HjKAljSigOjj (after Oro«A). Atypical 
and common alumina^dkali mica. For general characters, see 
Micas. Special points : — 

I. Commonly Ught-coloured and silvery, but approaching black 
as the crystals become thicker. Yery common in mica-schists 
(often with sbbioitk and other varieties); also in many granites. 

IL Cohur — Colourless or palest yellow-brown. Pleo, — ^Visible 
if the mica shows even a trace of colour. i>. Befir. — Strong 
('041). Colours commonly pinks and greens of third and fourth 
orders, or high white. Sections parallel to the basal cleavage are 
not, as in typical biotite, practically isotropic. This point may be 
conveniently observed in cleavage-flakes. Optic axial angle wide 
(50* to 70"), the figure with convergent light being a striking one 
and easily obtained with fairly thick cleavage-plates. Optic axial 
plane perpendicular to dinopinacoid. The trace of the optic axial 
plane, which is easily found by the axial figure, is the vibration- 
direction of the slow ray in the deavage-flake. (Figs. 24 and 43.) 

NoU^-^Oftea oooim in minute fomu in altered potash-felspar. Sbbiottb 
is covered hy the ahove description. See Micas, Biotite, and PUogopite. 

Natbolitb. Gamp. — Na,Al2Si3Oi0 -i- 2 HjO, Syst. — Rhombic. 

I. A common product of the decomposition of such silicates as 
nepheline, soda-felspars, &o. Occurs in radiating fibrous groups, 
colourless or stained light brown. Hardness » 5*5, but difficult 
to test in the rook, owing to the brittle nature of the prismatic 
crystals. See Blowpipe characters, p. 74. 

II. Form — like most zeolites, forms radiating groups of prisms 
in decomposing minerals or in cavities of the rock. Befr. Index — 
1*483; below that of felspars. Colour — Colourless. D. Befir. — 
Commonly bright first oider colours. The fibrous groups natur- 
ally show a partial or complete dark cross with crossed nicols 
(see p. 149). Extinct — Ehombic. Op*. ^Stp't*— Positive ; the longer 
direction of the prism is that of vibration for the slowest ray. 

Nepheline. (7omp.— Approximately (Na, E) Al Si O^. (See 
p. 74.) 8y9i. — ^Hexagonal 
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I. Brown or greenish greasj-looking masses in holocrystalline 
rocks (eljiolitb), or colourless grains and short hexagonal prisms 
in layas. Excellently seen thus in the latter form in the well- 
known basalt of Katzenbnokel, Odenwald, where it plays the 
part of a porphyritic felspar. Hardness » 5 *5 ; thus just scratched 
with a knife when fresh. 

Very easily decomposed, and then produces soft grey-brown 
areas and pseudomorphs, in which recrystallisation is going on, 
resulting in zeolites. On some phonolites the little hexagonal 
cross-sections of nepheline can be picked out with the eye as 
opaque lighter patches in a grey or brownish groundmass. 

IL Form — Irregular grains (eljeolitb) or short hexagonal 
prisms, giving squares and hexagons as the most typical sections. 
Cleav. — Not seen. End. — Common, arranged in zones. Zon, — 
Common. Bsfr. Index — 1*543. Colonir — Colourless. When 
decomposed, a very characteristic earthy yellowish - brown. 
2). Refr. — Colours like apatite; lower than felspars. Hexagonal 
sections isotropic, unless obliqua When altered, gives fibrous 
aggregate effect. OpU /S^— Negative. (Fig. 34.) 

^ote.— Compare apatite and nosean. See alao analcime and natrolite for 
decompoBition-prodacta. In the elceolite-syenitee the weaker double-refrac- 
tion helps to oistingniBh the elasoUte from the nntwinned felspars, while 
oonvergent light of oonrse gives a uniaxial figure. 

NosEAN. C(wip.— Nag Alj Si, Oi, . S O^ ( = Nag Alg Sig O^^ + 
Nag S O4). 5y»<.— Cubic. 

I. Often visible as dark grey hexagonal sections on the rock- 
surface. Forms thus darker patches in the grey or brown 
groundmass of some phonolites; sometimes opaque light brown. 

n. Like haiiyne, but commonly larger, and colourless to 
greyish-brown. Dark outer zone often conspicuous (as in the fine 
corroded examples in the leucitite of Rieden, Eifel, seen in fig. 37). 

Ncle, — See HaQyne. Nosean or ha&jrne can be treated miorochemically 
by deoomposing with dilute hydrochloric acid and evaporating at a merely 
moderate temperature. If crystals of gypsum are formea abundantly 
(commonly in radiating bunches) the mineral is hafkyne. 

Oligoclase (see Plagioclases). 

Olivine. Comp. — (Mg, Fe), Si O4. Syst. — Rhombic. 

L Granules or approximately rectangular crystals, somewhat 
conspicuously marked out by their yellow-green colour and 
glassy lustre from their surroundings, which are commonly 
darker silicates. Not scratched by the knife. Sometimes, with 
chromite, builds up considerable rock-masses. Diopside may be 
mistaken at times for olivine. When altered, however, the 
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appearance of olivine changes greatlj. It becomes soft and 
grey-green, or even black if much magnetite has separated out 
within it. Thus in the " Forellenstein '* (Troctolite) of Volpers- 
dorf or the Lizard, and in many rocks with "lustre-mottling** 
(see p. 101), the mineral appears as dusky grey-black granules, 
and might be mistaken in some gabbros for a decomposing 
pyroxene. It is very important to bear in mind this masking 
of olivine by its decomposition-products (fig. 31). 

II. Fcrm — Barely a perfect outline, but typically an elongated 
hexagon; in many lavas and in rocks with granitic structure, 
irregular forms or elliptical grains; also common as groups of 
grains. Very often cracked and corroded in lavas, since it occurs 
as a porphyritic constituent. CUav. — Not often visible. Encl* 
— Liquid and other enclosures common, often in delicate ramify- 
ing forms. Schillerisation may be studied in all stages in olivine, 
some sections finally looking almost diallagic (as in the dolerite 
of Kentallen, Appin). Refr, Index — 1*679 ; near the pyroxenes. 
Colour — Colourless. Faint yellow-brown in the exceptionally 
ferriferous varieties. Al teration-products green of various shades, 
occurring on margin and along cracks (fig. 38), often with develop- 
ment of opaque granules (magnetite). Pleo, — The green decom- 
position-pit>ducts are pleoohroic. 2>. Rtfir, — ^As strong as epidote; 
weaker than muscovite. Extinct, — Parallel to the axes of 
symmetry of most of the sections. 

Note, — Frequently only to be traced as peeudomorpba (see Serpentine). 
Calcite may thus replace oliTine. Prof. Judd has shown that many patches 
of magnetite may represent altered olivine. MM. lAwj and lAcroiz describe 
a transparent red deoomposition-prodnct with dislinot macropinaooidal 
cleavage. Note the colourless character of unaltered olivine. 

Opal. Comp. — SiOj; perhaps some water. Syst, — Amorphous. 

L Opalescent, appearing bluish by reflected and brownish 
by transmitted light. Sometimes clear and colourless (hyalite). 
Occurs with chalcedony, commonly in cavities of rhyolitic or 
trachytic lavas; also replacing wood. Hardness sometimes 
below 6. 

n. In sections colourless, sometimes showing iridescent films 
by reflected light. Isotropic, with occasional strain-phenomena, 
producing a black cross between crossed nicols. See Ohalcedony. 

Orthoclase. Comp.—(K, Na) Al Sig Og. ^y«<.— Monoclinic, or 
pseudo-monoclinic. 

I Prismatic or granular. Olear and colourless, with faint 
brownish exterior and vitreous lustre (bakidinb of lavas) to 
nearly opaque white, grey, brown, or red crystals (common 
orthodase). Occasional sohillerised and iridescent forms. 
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Oleayage-planea veil marked^ basal and clinopinacoidal, with 
yitreouB to pearly lustre. Hardness « 6. G » 2*56-2*58. 
Strong potassium reaction in flame. Twin forms very often 
recognisable. Where the outer form is obscure, as in most 
granites, the fractnred surface of the rock shows crystals with 
the basal cleavages sloping in one half towards the eye and in 
the other and duller half away from it, giving thus evidence of 
the simple twinning (p. 16). 

n. Fiyrm — ^Prismatic ; cross-sections approximately rectangu- 
lar. Barely truly granular, and thus differing from quartz. 
Clean, — Distinct, often in both principal directions, and marked 
by dusky decomposition-products. Not ordinarily seen in sani- 
DINE, which shows rudely parallel cracks. End. — Common. 
Frequently schillerised. Zim. — Zones fairly common. R^> 
Index — 1*523. Little below quartz, and thus close to that of 
the balsam. Colour — Colourless, with dusky grey decomposi- 
tion-products (fig. 26) ; white mica is very common among 
these. Sakidinb is aa clear and colourless as quartz (fig. 33). 
/>. Refr. — ^Weak (•007) ; colours grey in thin sections ) brighter 
tints of first order in many ordinary sections. Optic axial 
plane either the dinopinacoid or perpendicular to it, the latter 
case being by far the most common. The plane is then almost 
parallel to the base. ExUnct — Straight in sections from the 
orthodiagonal zone, and occurring at 21** from the vertical 
axis in the dinopinacoid, the measurement being made towards 
the obtuse angle formed by the traces of the base and ortho- 
pinaooid. The basal cleavage-flake extinguishes straight with 
the trace of the clinopinacoidal cleavage, and the dinopinacoidal 
flake at 5° from the basal cleavage. Twins — Simple twinning 
common, though sections may easily pass through one half only. 
Plane of composition often step-like or irregular. A squarish 
section with the composition-plane running diagonally is almost 
sure to be from a Baveno twin. 

Note, — SoDA-ORTHOGLASE cannot be divided off satisfaotorily from com- 
mon orthoolase, as far, at any rate, as rock-forming types are conoemed. 

Distinguish clear orthoclaise from quartz by outline, cleavages, zoning, 
oblique extinction in most prismatic sections, and twinninff. Where decom- 
position has set in, remember that quartz shows no suon products. Dis- 
tinguish orthoolases from plagioolases by presence of repeated twinning in 
most crystals of the latter. 8ee Miorocline and Pl&gioclases. 

Ottbelitb and Chlobitoid. Gomp. — H^ (Fe, Mg, Mn) Al^ 
Bi O^ SysL — Monodinio (perhaps triclinic). 

L Oharacteristic iron-black or black-green lozenge-shaped or 
oval plates in some metamorphic rocks. Hardness above 5; 
hence sharply distinct from chlorites. 
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IL Difltinot basal oleavaga Greenish-blue colour ; the central 
portion is sometimes darker and shaped like an hour-glass, a 
lighter area appearing on each side. Marked pleochroism. 

NoU, — Ottreliie la well obseryed in the aohist of Ottrei in the soath-east 
of Belgium. , Some oncertainty hangs over the reUtions of ottreliie and 
the more widely distribated ohloritoid. If a diemieal difference really 
eziats, ottrelite proper oontaina manganese as well as magnesia, whUie 
ohloritoid does not. 

Phloqopitb. — ^A mica of the ferro-magnesian type, with little 
iron. For all general characters see micas. Special points : — 

I. Typically bronze-coloured rather than black. 

n. Colowr — Oolourless when thin. Z>. Befr, — Basal sections 
deviate from isotropism more than those of biotite, the optic axial 
angle being typically larger. But some show merely a black cross 
during rotation above conyergent polarised light. 

^o<s.— See Micas, Moaoovite, and Biotite. 

PiNiTB. — An earthy grey pseudomorphous replacement of 
cordierite and other silicates, being itself a hydrous silicate of 
alumina and potash with some little magnesia, iron oxide, and 
soda. Produces grey patches in the rock-mass, or sometimes, as 
Ln eurites of Auyergne, well bounded prismatic pseudomorphs. 
Under the microscope giyes fibrous tufts and irregular cloudy 
patches. 

Flagioclases. — ^This great group of felspars forms too continuous 
a series to allow of the separate discussion of its member& 
Comp, — Silicates of alumina, potash, soda, and lime ; the group 
includes : — 

UeFOcllne and Soda-microeline. (K, Ka)AlSi,Or 

(Seep. leS.) 
Albite. NaAlSitOg^Ab. 
Oliffoelase.* AoliAni to Ab^Anj. 
Anaesine. Ab^An^ to AbiAnj. 
LabradoFlte. AbiAn^ to AbiAn,. 
Bytownite. Ab|Ai^ to Ab|Aii«. 
Anorthite. GaAl,WiOs = An. 

Syst — Tridinic; closely comparable in type to orthoclase, the 
brachypinacoid corresponding to the clinopinacoid in the latter. 

L Oommonly prismatic, but may be minutely so or granular. 
Colourless and glassy to opaque white. Sometimes a delicate 
blue-grey; rarely red. Schillerised and iridescent forms occa- 

* The plagioclases between albite and anorthite are oommonly reguded 
as boilt up of moleonles of these two felspars in varying proportions; 
henoe oligodase becomes nNaAlSitOg + CaAl|Si,0» and labradorite 
KaAlSi,08 + nCaALSisO^ The proportions here given are those 
adopted by Hintse, following Tsohermak. 
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sionally seen when the mineral is coarsely developed ; but also 
known in soda-orthoclase. Basal and brachypinaooidal cleavage- 
planes easily seen, particularly the former. Hardness = 6. 
Specific gravity rises as follows i—Albite^ 2-62-2*64; oligoclase, 
2-64-2*66; andesine, 2-66-2*69; labradorite, 2-69-2-71; bytownite, 
2*71-2*74; anorthite 2*74-2-76. (Hintze, Minaraloffie, Bd. ii., p. 
1431). Twin-forms show to the eye or lens alternately reflecting 
or duller lamelle, according to the position of the surface of 
fracture with regard to the cleavages in the individual lamellss. 
A number of fine lighter or duller bands is thus often visible, 
especially with the lens, parallel to the longer direction of the 
prismatic form (p. 16). 

Albite is often found filling up cracks or crystallised in cavities 
as a mineral of secondary origin. 

n. Farm — Prismatic; cross-sections approximately rectangular. 
In many rocks granular, especially when developed as secondary 
products. Often greatly corroded, the glassy matrix penetrating 
throughout the crystal along cleavage or solution-planes (fig. 38). 
Cleao. — Sharp in the coarser forms ; often in these marked out 
by dusky decomposition-products. £ncL — Ck)nimon. Frequently 
schillerised, the felspars of many gabbros showing this character 
excellently. Zon, — Zones common, frequently giving different 
colours and extinctions with crossed nicols, owing probably to 
the crystal being built up of isomorphous felspars successively 
developed from the matrix. Bejr, Index — Always near that of 
the balsam. The average indices are : — albite, 1*535 ; oligoclase, 
1-540; andesine, 1*553; labradorite, 1-558; bytownite, 1*569; 
anorthite, 1*580. All sections ot microcline and anorthoclase, 
and almost all sections of albite and oligoclase rich in soda, have 
a refractive index below that of ordinary balsam ; basic oligoclase 
and all the remaining plagioclases have an index above that of 
the balsam in all sections. Colour — Colourless, with dusky grey 
decomposition-products. The interior is often thus clouded 
while the outermost zones are clear. Sometimes the whole 
crystal is reduced to calcite and epidote. J), JU/r. — Weak 
(*008), rising to *013 in anorthite. The colours are greys or 
slightly higher tints of the first order. Extinct. — These may be 
sometimes studied on cleavage-flakes. The extinctions have thus 
been worked out for sections parallel to the base and to the brachy- 
pinacoid. Hap-hazard sections in ordinary slides, particularly 
when repeatedly twinned, present many diflficulties of deter- 
mination. In reading basal cleavage-plates, the trace of the 
brachypinacoid shown by the other cleavage, or by the common 
albite-type of twinning, is set upright in the fiold, and the 
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extinction-angle is measured from this gaide-line. We may 
note that, while oligoolase has in such sections nearly straight 
extinction, albite and labradorite give angles of 5"" and 9* 
respectively, on opposite sides of the guide-line if the plates 
examined are kept each in the same position with regard to the 
crystals from which they were broken. Anorthite, on the other 
hand, has a high angle, as much as 37*", which is very distinctive! 
its ally bytownite giving only 17 J** 

If a brachypinacoidal cleavage-flake is so placed that the trace 
of the basal cleavage is upright in the field, while the obtuse 
angles formed by this and the direction of the vertical axis lie 
below on the left and above on the right, then the extinction 
will occur after the following amounts of rotation of the 
crystal ; — 

Albite. 20^ to the left 

Oligoelase, ^'^ „ „ 

Labradorite, 24** „ right 

Anorthite, 37* „ „ 

On comparing these figures with those for the basal flakes, we 
see that if we break a cleavage-flake hap-hazard from a felspar, 
not knowing what species or which cleavage we are dealing with, 
and set the trace of the other cleavage upright in the field, we 
have the last given series of figures as maximum angles of extinc- 
tion for the principal species. As before, the angle referred to 
is that between the trace of the cleavage and the direction of 
extinction that lies nearest to it ; but the rotation may be to one 
hand or the other. We may, however, on determining the angle 
in the unknown cleavage-plate fiiist obtained, then seek to procure 
a plate from the second cleavage-surfaces of the specimen. A 
comparison of the results obtained with both plates will be of 
service. Thus, while the distinction between labradorite and 
albite will still be difficult, oligoclase will give a low (1* to 5*) 
and anorthite a high angle (37°) in both flakes. 

MM. L^vy and Lacroix show how the extinctions of the triclinic 
felspars may be utilised in the case of microscopic sections. Thus, 
in particular, a section is sought for in which lamellar twinning 
of the albite type is distinct, and in which extinction of the 
alternate sets of lamellae takes place at the same angle on opposite 
sides of the trace of the plane of composition, which is used as a 
guide-line. The two sets of lamelUe will thus show equal degrees 
of illumination in the upright position in the field, a fact that is 
of great assistance in the selection of sections for measurement 
Such a section, which is not always easily found in a single slide, 
has been cut parallel to the axis of rotation of the twin-lamell» 
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of the albite type— ^^^ to a line perpendioulAr to the brachj- 
pinaooid. ' The lamelltt of the perioline type will also be extin- 
guished symmetrically in sections firom this zone. Sections 
showing this symmetrical extinction and yielding law angles are 
approximately parallel to the basal plane; those giving high 
angles should be selected. The maximum extinction -angles 
of the albite type of lamelltt in faces from this zone are as 
follows : — * 



Albite. 

Ollgociase* 

Anaesine, . 

LabradoFite, 

Bytownlte, 

AnoFthite, 



16^ (basic varletiM 22*). 
2r (basic yarietieB 38*). 



Were it possible to determine how each section has been cut, 
even albite and andesine could be disting^uished from a difference 
in the direction of rotation; but Becke's simple method for t^e ob- 
servation of relative refractive index effects this admirably, when- 
ever sections of the felspar can be found abuttinff on the balsam 
at the edge of the slide (p. 142). Twine — Repeated twinning is ex- 
tremely common, the lamell» being often very numerous. Both 
the albite type, with the brachypinacoid as the twin-plane and com- 
position-plane, and the pericline type, with the *'rhombic section'' 
as the composition-plane and practically the same axis of rotation 
as the former type, may^occur in the same crystal, giving cross- 
twinning coarser than the typical microcline structure. In 
sections from the zone of the base and macropinacoid the traces 
of the lamell» of the two systems are almost at right angles. 
Other types of twinning occasionally occur; the Carlsbad type 
is indeed common, one half showing, in addition, numerous 
lamelliB of the albite type, while the other shows few or no 
lamellie. See Microcline. 

Note. — DistinguiBhed in general from orthoclase in ordinary sections by 
this character of repeated twinning. The discrimination of one plagioclase 
from another is a matter requiring considerable care, and the methods 
should be further studied in the larger text-books. A series of trials with 
Bza.h6*B system of flame-reactions (p. 84) will often help when the mineral 
has been proved to be a plagioclase, and specific gravity tests with dense 
liquids are of great service. 

The dull white altered felspars, fiiU of recrystallised decom- 
position-products (mainly members of the zoisite group or 
garnet), that are common in many older diorites and gabbros, 

* L^vy, Jkterminatum de$ FMeptUhe, 1894, p. 8L 
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were formerly known as saussubitb. Such forms may be termed 
" sauBSuritic felspars " (fig. 45). 

Fyiite (see Iron Pyrites). 

Pybrhotinb. Cwnp. — F^Sg, or FeS(1). Syst. — Hexagonal. 
Rather redder than iron pyrites. Hardness = about 4, the 
particles cut out being easily attracted by the magnet. Opaque 
granular in sections. 

Pyroxenes (see Augite, Diopside, Rhombic Pyroxenes, and 
Soda-pyroxenes. Also Bastite). 

Quartz. Comp. — Si O^ Syst. — Hexagonal (Trigonal). 

I. Commonly clear and colourless, with vitreous lustre. No 
cleavage; conchoidal fracture, thus resembling glass. Un- 
scratched by knife. Grains (which should be looked for with 
the lens); short prism and two rhombohedra (in some eurites); 
or longer prisms terminated by rhombohedra (when formed in 
cavities or in sedimentary rocks). Occurs also filling veins, and 
is often in such cases almost opaque white. 

n. ^orm— In igneous rocks seldom shows crystal-outline. 
Commonly allotriomorphic or in corroded grains (fig. 32), but 
well bounded in some eurites. Micropegmatitic intergrowths 
with duller felspar may be expected. In metamorphic and in 
many plutonic rocks quartz forms aggregates of little granules, 
which are well revealed by the polariscope. Commonly cracked 
irregularly. In veins, and in residues of limestones, £c., shows 
good crystallographic outlines. (7^eat7.-^None. EimI. — Liquid- 
enclosures with moving bubbles commonly very abundant in 
the quartz of deep-seated or metamorphosed rocks, the lines 
along which they have developed often passing continuously 
across several grains (see fig. 19). These irregular strings and 
patches of minute enclosures may be taken for dull decom- 
position-products, such as kaolin, unless a high power is used. 
Glass-euclosures with fixed bubbles, and sometimes with the 
form of negntive crystals, occur in the quartz of many lavas. 
ZoTh, — Exceedingly rare, except in crystals of sedimentary origin. 
Refr, Index — 1-547, almost exactly that of the balsam. C clour — 
Colourless. See, however, Amethyst. No decomposition-pro- 
ducts. PUo, — Observable in the exceptional coloured varieties, 
which have little claim to be called rock-forming minerals. 
D, Rpfr. — Weak (-009) ; like the felspars. The absence of decom- 
position, as compared with other minerals in the slide, is often 
brought out by the clear colours given by quartz between 
crossed nicols. Thin basal sections show in convergent light 
the ordinary black cross, the characteristic coloured central 
area, due to rotatory polarisationi being visible only in specially 
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out thicker sections. Opt. Sign — Positiva Tmns — ^None in 
rock-sections. 

NoU, — Gomp«re and earefally contrast with orthoolaae and plagiodaset. 
See alao Chalcedony, Opal, and Tridymite, and figs. 24 and 25. 

Khombic Pyroxenes. Convp. — (Mg, Fe) Si O^ The rock-fonning 
examples of these were long con^sed with mouoclinic pyroxenes, 
which they generally resemble to the eye. The boldly developed 
lustrous types familiar to mineralogists, such as the bronzite of 
the Kupferberg and the hypersthene of Paul's Island, Labrador, 
may now be regarded as altered forms of minerals possessing 
no such lustre. Hence Tschermak proposes for the rhombic 
pyroxenes a purely chemical grouping : — 

Enstatite; .... Fe = less than 57«. 
Bronzite; .... „ =5toi67o. ' 
Hypersthene ; . . . >» = I57e u^d upwards. 

To these Prof Judd, * reyiving an older name of vom Eath, 
adds AMBLY8TEGITE ; Fe O = 25 to 35%. 

I. Commonly closely resembling augite ; sometimes as pale as 
diopside. The schillerised foims, bronzite and hypersthene of 
older authors, occur in some holocrystalline rocks. Monoclinic 
pyroxenes with similar lustres were also formerly classed under 
these names. 

II. Form — Nearly isomorphous with monoclinic pyroxenes; 
hence the frequent confusion with them. Prism-angle 88*". Habit 
and sections similar to augite (fig. 36). Cleav. — Prismatic, thus 
also intersecting nearly at right angles. Unci. — Schillerised 
forms fairly common, but not to be expected in more modem 
lavas. Be/r, Index — 1 •66-1 '70. C<dour — like monoclinic pyrox- 
enes ; colourless, yellowish-brown, at times greenish. Hypersthene 
and AMBLYSTBGITB, owing to the striking pleochroism, often 
appear greenish or pink-red in the same slide. Decompose 
to green products. See Bastite. Fleo. — Enstatite is too pale 
to exhibit pleochroism ; bronzite and the more ferriferous 
members of the series show bluish-green when the shorter 
diagonal of the nicol is parallel to the vertical axis, brown 
when it is parallel to the macrodiagonal, and a fine red-brown, 
when it is parallel to the brachydiagonal. This effect is naturally 
very striking in ambltbtegite. D. Re/r. — Somewhat weaker 
than in the monoclinic pyroxenes, and even approaching quartz 
in the case of enstatite. Optic axial plane is the brachypinacoid. 

* 0€ol, Mag., 1896, p. 173. Ako Quart. Joum, Oeol, Soc, vol. xli,» 
(1886), p. 371, 
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Eoctinct. — Rhombic; thus markedly distinct from the monoclinic 
pyrozeneB, with the exception of those extremely rich in soda. 
The direction of the vertical axis is that of vibration for the 
slowest ray. 

^o^.— Intergrowths with diaUage have been observed, the brtchy- 
pinacoid of the rhombic form being applied to the clinopinacoid of the 
monoclinic. Distinguiah the rhombic pyroxenes by the straight extinction 
and/ if possible, by the pleoohroiam. & some remarkable granular rooka 
the pink ronnded sections of bypersthene resemble in ordmary light the 

famets occurring in the same slide. The nicols at once prove the Utter to 
e isotropic. 

In the absence of microscopic sections, rocks must often be called 
"pyroxene-andesite," "pyroxene-diorite," &c., until accurate determina- 
tion can be made. 
Compare carefully with diopside, augite, and soda-pyroxenes. 
For altered forms see Bastite and Serpentine. 

RiEBECKiTE (see Soda-Amphiboles^. 

BuTiLB. Camp, — Ti O^ Syat — Tetragonal. 

I. As a rock-forming constituent rutile is generally invisible 
antil the microscope is applied. May appear as hard rich brown 
or black specks. Its high specific gravity (4-2) makes it separ- 
able by dense liquids. 

n. Form — Granules and aggregates, with sometimes distinct 
prismatic forms. Minutely distributed in the altered minerals 
of some gabbros ; also in practically all argillaceous and chloritic 
metamorphio rocks, and also in clays. Shows typically minute 
geniculated twins, sometimes heart-shaped. Refr. Index — 
Extremely high (» 2*712). The tiny crystals and grains thus 
stand out with strongly marked margins. Colour — Yellow- 
brown to red-brown. Lustrous black by reflected light. Ttnna 
— As above stated ; highly characteristic. 

Sanidinb (see Orthoclase). 

Saussuritb (see paragraph at end of Flagiodases). 

ScAPOLiTES. Comp, — A series of minerals with meionite at 
one end and marialite at the other, being silicates of alumina, 
lime, and soda, with some chlorine, the lime preponderating 
largely over soda in the meionite molecule. SyH. — ^Tetragonal. 

I Crystallised in cavities of some lavas; also often occur 
associated with altered felspars, the products of which are 
recrystallising. Colourless to white or grey. Soluble in hydro- 
chloric acid, leaving a residue of non-gelatinous silica. 

IL In sections a number of clear colourless granules some- 
times appears in the place of felspathic constituents. They are 
liable to be mistaken for secondary felspars or even quartz. 
form — Commonly granular. Cleav. — Often not distinct, £e/r. 
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Indax — ^About 1*57. Colour — Oolourleai. />. Be/r, — Consider^ 
ably stronger than felspars in the highly oaloiferous varieties, 
being near olivine in the case of meionite. In dipybe, however 
(the common gra* ular type in holocrystalline rocks), the double 
refraction is fairly weak (« about *014). Uniaxial figure in 
convergent light. Opt. sign — Negative. 

Note, — For an account of the relations of the acapolites and plagioclaseB, 
and references to the literature of the subject, see Prof. Judd, '* On the 

Srocesses by which a plagioclase felspar is converted into a scapolite," 
fin. Mag., vol. viii. (1889), p. 186. 
Sbbioitb (see Muscovite). 
Serpentine. Comp.—K^ (Mg, Fe), Si^ 0«. /%««.— Rhombia 

I. Soft grey-green, green, black, or red areas among decom- 
posing ferro-magnesian minerals, or even building up the mass 
of a rock. Hardness about 3. Sometimes crystallised in pale or 
golden-yellow fibres in veins running across the rock (chrysotile). 

II. Form — Fseudomorphous, in patches, or in veins and cracks. 
Minute tufbs and fibres often developed. Does not look so 
uniform as chloritic areas. The serpentine has ofben the ovoid 
form of olivine granules, the cracks of the latter being at times 
marked by bands of magnetite. Bejfr. Index — Low; close to that 
of the balsam. Colour — Yellow, yellow-green, or blue-green. 
Most commonly a yellowish-green. Colourless highly refracting 
areas of olivine are ofben left surrounded by the serpentine. 
Pleo. — Distinct, in shades of green. D. Ee/r, — Close to that of 
ordinary plagioclases. Shows tufts and fibres in polarised light, 
the serpentinous areas being made up of a number of needles. 
These needles, picked out between crossed nicols, frequently 
seem at or nearly at right angles to one another, and it is often 
stated that the serpentine in such cases has been derived from 
pyroxene ; but the structure is extremely common in company 
with others which indicate with certainty olivine. It is probable 
that in some cases described the rectangular effect is due to 
the illusion referred to on p. 149. (Figs. 31 and 38.) 

Siderite. Comp. — Fe C O3. Kesembles dolomite in sections, 
but is yellow-brown or greenish, with marked pleochroism. 
Sometimes occurs as oolitic grains (see p. 210). 

SiLLiMANiTB. Comp. — AI2 Si O5. Si/8t. — Rhombic. Common 
in bunches of minute white prisms (colourless in sections) in 
schists altered by contact with granite. D. Ee/r. — -02. 

Note. — Infusible, and eives good alumina reaction with cobalt nitrate. 
Minute fragments of rock may be thus treated and examined later under 
microscope. 

Smabagditb (see Hornblende). 
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Soda - Amphiboles. Comp. — All may be represented as 
Na (Fe, Al) Sig O^ with some (Fe, Mg) Si O3. Like common 
hornblende in most respects. Abfybdsokite, with little 
alumina, cannot be distinguished from common hornblende by 
simple microscopic tests. The colour is brown or dark green.* 
Where the other minerals in the slide, such as nepheline, are rich 
in soda, the amphibole is likely to be arfvedsonite. Glaucophanb, 
with little iron, gives a silky blue-black, inclining to slate-blue, 
appearance to the rock-surface. Its face-colours are pale violet- 
blue to greenish-blue or even yellowish. The darkest axis-colours 
occur when the longer axis of a prismatic section lies nearly 
parallel to the shorter diagonal of the nicol. The extinction- 
angle is only about 5^ in clinopinacoidal sections; hence very 
small in most hap-hazard prismatic sections. The longer axis of 
the prisms nearly coincides with the direction of vibration for 
the slowest ray. In the ferriferous forms, arfvedsonite and 
riebeckite, this direction is that of vibration for the fastest ray. 
Bibbsceitb is blue in sections, with blue and green, or bine and 
dull straw-brown, axis-colours. Some amphiboles show secondary 
outgrowths of soda-amphibole. 

Note, — In BmaU prisms it is possible to mistake a blue soda-amphibole 
for a blue variety of tourmaline. But in the latter mineral the greatest 
absorption — f.e., the darkest tint of the pleochroism — occurs when the 
shorter diagonal of the niool is perpenoioular to the Icmger axis of 
prismatic sections. 

SoDALiTE. Comp. — Na. AI3 Sig O^ 01. Syat — Cubic. 

I. Oan be seen as small colourless cubes in the hollows of 
some trachytic lavas. Sometimes a fine blue. 

II. Farm — Sections of cube, suggesting at first vertical sections 
of nepheline. Sometimes in larger irregnlar grains. JRe/r. Index 
— Lower than that of the balsam (1*486). Cohv/t — ^Colourless 
to Hsdnt blue. D, Eefr, — None. Isotropic. 

Soda-Orthodase (see Orthoclase). 

Soda-Pyroxenes. (7omj9.— Approaching Na (Fe, Al) Si, O^ 
.^OIBINE and AoMiTE are non-aluminous. The common green 
monoclinic pyroxenes of trachytic and andesitic rocks, as well as 
of some syenites and diorites, must be referred to merely as 
soda-pyroxene. They resemble augite, except in colour and their 
marked pleochroism ; cross -sections are lighter in tint than 
vertical ones, the former being yellow-green and the latter darker 
green. The axis-colours are various tints of green. Aomitb 

* Rosenbusch distinguishes arfvedsonite, green and optically positive, 
from barkevikite, whidi is brown and negative. 
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gives brown ooloars, jbgibinb green, and both have a smaller 
extinction-angle on the olinopinacoid (about 5°) than the common 
green rock-forming pyroxenes. The latter, being aluminous 
and monodinic, are sometimes styled soda-augite. 

NoU, — Green pleoohroio zones Bometimes snrromid or occur within normal 
purple-brown auntes. The longer axis of the prisms is near the vibration- 
direotion for the fastest ray in soda-pyroxene, and near that for the dowest 
ray in amphibole. 

Sphbnb. Comp. — Ca Si Ti Og. Sy8t. — ^Monoclinic. 

I. Sometimes, as in syenites, visible on surface as yellow or 
brown-red pyramidal-looking crystals, small in comparison with 
the other constituents (see p. 76). 

II. Form — Oommon section lozenge-shaped (a somewhat acute 
rhombus), the boundaries being traces of the pyramid planes. 
At times imperfect or partly rounded. CUofs, — Prismatic, and 
thus not pandlel to the common outlines of the section ; often 
seen in the larger examples. Refr, Index — Olose to zircon 
(1*93) ; thus even higher than garnet. Golowr — Pale pinkish or 
yellowish-brown, to darker yellow-brown. Pleo, — Slight. 2>. 
Refr, — Exceptionally strong, though not so strong as calcite. 
Pale colours of fourth or higher orders. ^ti^n«— Fairly common, 
composition-plane parallel to orthopinacoid. (Fig. 26.) 

NoU. — The lozenge-shape and hifi^ refractive index call attention to even 
small sphenes in rock-sections. For leucwxxnb, which is refeired to 
sphene, see Titanic Iron Ore. 

Spinelloids. — A name adopted for the isomorphous series of 
cubic minerals commencing with spinel (Mg Al^ O^, including 
chrome-spinels and chromite, and terminating with magnetite 
(Fe Fcj O^ = Fcj O^). Their common characters are those of 
magnetite ; but there is a greater degree of translucency as we 
pass through chromite to true spinel, the refractive index being 
always high. Chrome-spinel is brown-green or green in sections, 
which are, of course, isotropic. Oommon spinel cannot well be 
distinguished from garnet in sections (see p. 76 for Blowpipe- 
tests). 

Stilbitb (Dbsmine). Comp, — OaAlgSi^Oi- + 6H2O, with 
some Ni^ and K^ replacing Oa. Syet. — Monoclinic. 

I. A fairly common zeolite, occurring in groups of platy 
crystals in cavities of calciferous lavas. Occasionally in radial 
groups. White or red. Pearly lustre characteristic. 

IL Form — ^Long prismatic sections. Refr, Index — Below that 
of felspars (1 *497). Cotour — ^Oolourless. D, Refr, — Weaker than 
natrolite; pale first order colours. Extinct. — In olinopinacoid only 
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about 7* away from principal axis. Yibration-directiion for 
futest ray practically oorresponcU with longer direction of the 
prismatic sections. 

TALa (/omp. — H, Mg3 Si^ O^. SytL — Rhombio, 

I. Difficult to distinguish from white micas in small flakes, 
but less brilliant, and hardness i«l. Easily recognised in well- 
developed talcHSchists. 

II. Appears as greyish or colourless streaky areas formed of 
crystals with a basal cleavage. Strong double refraction. 

Titanic Iron Ore. Camp. — • Ilmenite - m Ti Fe O3 + n Fe, O3, 
and is hexagonal. 

L The rock-forming granules resemble magnetite. 

II. Farm — Hexagons and granules. CaUmr — Opaque; decom- 
position-products in part dusky-brown and translucent, and 
referred to sphene. Black by reflected light, with a white mesh- 
work, or irregular patches, of decomposition-products. These, 
whether translucent or opaque, may be styled lbucoxbnb when 
they cannot with certainty be described as sphene. 

^oto.— CloM aMociations of titaDio iron ore and magnetite probably 
occur, and some magnetite may be titaniferons without containing inter- 
grown with it any true hexagonal ilmenite. Hence the term titanic iron 
ore is uaed here to cover all eases, investigated or doubtful. (Fig. 29.) 

Topaz. (7omp.— (F, H O)^ AI3 Si O^ (Orath), %«<.— Rhombic. 

I. Rarely seen in the rock-mass, but occasionally prismatic 
and recognisable. The perfect basal cleavage may distinguish 
it from quartz. Specific gravity, 3*6. 

n. Farm — Prisms or granules. Gleav, — ^Not always seen, but 
good basal. Refr, Index — Higher than quartz (1*615) and easily 
distinguished thus from it with a spot-lens or oblique illumina- 
tion. CaUywr — Colourless. 2). Rtfr, — Colours mudi like those 
of quartz. Biaxial figure. Longer axis of prism is vibration- 
direction for slowest ray. 

NiA€, — Occurs in many quartzoee rooks, such as granites, ffreisen, fta, 
being probably developea from the alteration of felspars and otner silicates 
containing alumina. 

Tourmaline. Camp.— H^ AL (B . O H)j Si^ O^^ H being re- 
placed by Al, Na, Mg, and Fe {PenfiM and Faate). Syst.— 
Hexagonal (Trigonal). 

I. Black patches and striated prisms, sometimes in radial 
groups; in granites and allied rocks. Sometimes green of various 
shades. Occurs often on the edges of igneous veins, and is doubt- 
less a product of the alteration of micas, felspars, and other 
minerals. The common black ^'schorl " replaces at times aU the 
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minerals of a granite except the quartz, additional secondary 
quartz being at the same time deyeloped. Not scratched by knife. 
n. Farm — Characteristic cross- sections of trigonal prisms 
with curved faces; or delicate needles (as in "luxulyanite''); 
or commonly in irregular masses spreading among the other 
minerals, and sometimes optically continuous around seyeral 
granules of residual quartz. Clean. — Irregular cracks alone 
visible. A fibrous structure, due to rod-like inclusions, some- 
times seen. Zon. — Sometimes in colour. Refr, Index — Some- 
what above that of topaz (1-636). Colour — Commonly a warm 
yellow-brown, inclining to bluish tints in places. Sometimes 
dull blue or green. Pleo. — Strong; firom dark grey-brown to 
pale yellow-brown in common varieties. The darkest tint occurs 
when the shorter diagonal of the nicol is perpendicular to the 
longer axis of the prism. 2>. Refr, — Much like augite, but the 
colours are masked somewhat by the strong natural colouring of 
the common varieties of the mineral. Basal sections isotropic, 
and giving black cross with convergent light. OpU Sign — 
Negative ; the long axis of the prism is direction of vibration 
for &stest ray. Hence differs from prisms of hornblende. 

JVote.~Abtenc6 of cleavage diBtingaishes tourmaline from biotite and 
hornblende, with which tonrmaline should be carefully compared. The 
passage into bluish tints ia ordinary light is oharaoteristio of common brown 
tonrmaline. See note on Soda-Amphiboles. 

Trbmolitb. a non-aluminous amphibole almost free from 
iron. Special points : — 

I. Colourless, or faintly yellow or green. Occurs commonly 
in veins and in metamorphic rocks, often in crystalline lime- 
stones. 

II. Like hornblende, but colourless. 

Note, — Marked out commonly amon^ other colourless minerals by the 
lozenge-shaped form of its cross-sections and by the cleavages. See 
Actinolite and Hornblende. 

Tridtmitb. Comp. — Si O^. Syst — Probably hexagonal. 

I. May be seen as thin transparent hexagonal plates, several 
being grouped together, in the cavities of some highly siliceous 
lavas. Brittle and difficult to extract. Specific gravity only 2*3. 

n. Seen in sections that traverse cracks and cavities in many 
rhyolites and trachytes. Bejr. Index — Lower than quartz (1*48). 
Colourless, with anomalous double refraction in the basal plates. 

Uralite (see Augite). 

Zeolites. — Common as white or pale-coloured products in the 
joints and cavities of lavas, or among the minerals of coarser 
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rocks. V'ery often in fibrous aggregates, giving thus in sections 
a black cross in plane polarised light (see p. 149). For notes on 
some species of the group see AnsJcimey Natrolite, and Stilbite. 
Zilrcon. Comp.—Zr Si O^. i^^^^^.— Tetragonal. 

I. Common as a minute constituent of granites, diorites, <kc., 
and in the sands derived from them. Ordinarily invisible to the 
eye; but fine brown examples occur in rocks from Renfrew, 
Canada, and red or yellow crystals are common in several 
elseolite-syenites. High lustre; hardness = 7*5. Easily separable 
by dense liquids, owing to its high specific gravity (4*5). 

II. Form — When seen among the particles separated from 
sands, the tetragonal prism, witii pyramid of another order, is 
commonly recognisable, the hard little crystals being only slightly 
abraded. In sections, small grains or squares and prisms, 
included in micas or other mineraU. Pleochroic areas very often 
occur in micas round about such enclosures of minute zircons. 
Bejr, /n^esB— Extremely high (= 1*95 or more), being a little 
above sphene. Hence the particles in a mounted sand stand out 
with very black borders; while those in rock-sections have a 
very distinctly pitted surface. Colaitr — Colourless. D, Befr. — 
Stronger than micas ; colours of high orders alone seen. Opt 
Sign — Positive. 

ZoisiTE Group. Camp, — H Ca, Al, Sig 0^3 (compare epidote). 
SysL — Rhombic in most cases, but the forms are closely similar 
to those of epidote, and a monoclinic variety, glinozoisite, occurs. 

I. Rarely seen in recognisable forms in rocks, though common 
as alteration-products. Colourless. 

n. Farm — Prisms, the longer axis corresponding to the ortho- 
diagonal of epidote. Basal sections lozenge-shaped, with prism- 
angle of 116° 40'. Occur very often as decomposition-products 
within basic felspars. Cleav, — Perfect parallel to the brachy- 
pinacoid. Be/r. Index — 1*7. Colour — Colourless. D. Befr, — 
Much weaker than that of epidote (— about *005); weaker even 
than the felspars. Hence in orainary sections the colours 
between crossed nicols will appreciably aid in the discrimination 
of zoisite from colourless epidote. Extinct — In prismatic sections 
not distinguishable from those of epidote. The longer axis is 
sometimes the vibration-direction for the ray of mean velocity, 
and sometimes for the fastest ray, so that the quartz- wedge gives 
different results for different species. 

Note. — Compare epidote (pistacite), and tremolite. See also Baossnrite, 
and especially Weinsohenk, OesUinahildende MinercUien (1901), pp. 81-88. 
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CHAPTER XVIII. 

8BDIMENTARY BOCKS. 

To proceed to the application of the methods of observation that 
have been now described, we may begin with fragmental or 
clastic rocks, as being on the whole the most frequently met 
with and being in many cases capable of simple examination 
in the form of powder under the microscope. As in the case 
of rock-forming minerals, under the heading I, in dealing with 
each type of rock, we shall describe the characters that ordinarily 
serve for its determination in the field or in a hand-specimen, 
while under the heading IL we shall point out its most striking 
microscopic characters. 

I. Sands and Sandstonbs. 

Sand. — Composed of loosely aggregated grains of quartz, 
various silicates, or other minerals; in the vast majority of 
cases, rocks described as sands possess a large percentage 
of silica. 

I. Sands should be collected in as dry a condition as possible, 
and from positions where they have not been sifted by local air- 
currents. Specimens can be easily carried in strong pill-boxes 
in a dry state, or, very conveniently in stout glass specimen- 
tubes, corked, the tubes themselves being protected in a little 
flat box carried in the field-bag. Shell-fragments, spines, spicules, 
and so forth, can generally be separated by sieves, and the char- 
acter of the inorganic mineral granules can then be studied 
separately. The mud or other obscuring particles on the surface 
of the grains should be rubbed off as feir as possible with the 
fingers, and, when thus loosened, can be blown off or washed 
away in water. Where the first signs of cementation and of the 
conversion of the sand into a sandstone have made their appear- 
ance, the chemical or other characters of the cementing material 
must be carefully examined. 

For many observations it is necessary to clean the grains with 
acid ; limonite, calcite, dsc, are thus removed, and the residue 
commonly emerges from the test-tube in an almost colourless 
condition. 
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Where it is desirable to divide a sand into oonstituents of 
various degrees of fineness, as during the examination of a soil, 
zinc sieves with circular holes are in every way superior to the 
ordinary tin ones with wire meshes. Gommerciid perforated 
zinc can be used for the bottoms, the holes being commonly 
graded in millimetres. For quantitative work, the residue in 
the sieve must in all cases be washed with water, and the fine 
material thus carried through must be passed through the next 
sieve lower in the series, and so on. For the separation of 
grades below 1 mm. in diameter, processes involving successive 
sedimentation in water or elutriation should be employed (see 
p. 115, and T. Crook on a method of soil-analysis, Economic 
Froc. R, Dublin Soc,, vol. i., p. 267). It may be remarked here 
that many plastic " clays " are found to consist in part of very 
fine quartz sand (see p. 198). 

The use of heavy liquids (p. 116) will be invaluable in 
all cases of research. The extraction of heavy minerals, 
such as zircon, rutile, kc, from common sands may also 
be effected very fairly by the following method described 
by Mr. Cams- Wilson.* A piece of cardboard about 2 feet 
long 18 bent in the form of a trough and held in this 
curved form by elastic bands at either end ; this is held at an 
angle sufficiently steep to allow the sand to travel slowly down 
when the cardboard is tapped with the finger. The heavy 
minerals, commonly appearing as very small dark grains, lag 
behind, forming a continually increasing crescent-shaped group 
at the upper end of the descending material When the last 
common sand-grains have fallen off, this heavier portion may be 
collected in another vessel. There will be a number of minute 
quartz grains, &c., still associated with the rutile or zircon ; but 
these can be largely removed by blowing lightly; even if a 
separation in dense liquids becomes finally necessary, the work 
will have been very greatly fiusilitated by this simple and effec- 
tive preliminary me^od. 

Sands derived from volcanic rocks and from other igneous 
masses frequently contain magnetite, which can be easily picked 
out by the magnet. Even olivine has been recorded as forming 
whole beds of sand, which in the future may produce an anomal- 
ous and stratified deposit of serpentine. It must be remembered, 
however, that even in common sands the particles are not 
necessarily homogeneous, many of them being the relics of rock- 
fragments rather than simj^le minerals. Tmy pebbles of iron- 
bound sandstone, of quartzite, of chert, or of the matrix of old 
•^crture, vol xzzix. (1889), p. 591. 
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highly silicated lavas, are common among the constituents of 
sands. 

In the field, the stratification of fine sands is often worthy of 
study, and current-hedding is a very common feature. Owing 
to the yielding nature of the deposit, local contortions sometimes 
occur through the pressure or slip of beds above. The bleaching 
of ferruginous sands by vegetation can be characteristically 
observed upon any sandy heath. 

II. The outlines of sand-grains can be well studied micro- 
scopically in water, a cover-glass being pressed down upon the 
preparation. But the grains should always be examined as a 
preliminary by reflected light, being simply scattered on an 
opaque card and brought under the microscope. If much 
surface-coating is present, it may be necessary to treat the 
particles with dilute warm acid in order to render them clean 
and transparent for subsequent observations. 

The forms of the grains, quite apart from the question of 
rounding, resolve themselves into some three groups: — (a) 
ordinary granules, irregular or spheroidal; (6) rod-like bodies, 
sometimes seen to be well preserved and w^ terminated crystal- 
line prisms ; and (o) platy forms, commonly with very irregular 
boundaries. 

Every worker should be acquainted with the already classic 
address by Mr. Sorby,* delivered to the Geological Society in 
1880, which abounds in practical suggestions, ta well as in results 
of the widest interest. The present remarks relating to frag- 
mental rooks are naturally based largely on the observations 
then put forward. 

Thus Mr. Sorby notes that the difference between granules 
and platy forms, not always to be determined by focussing the 
instrument on various parts of the surfiEuse, may be seen by 
pressing the cover^lass above the particles mounted in water. 
The granules roll over and thus show changes of form ; while 
the little plates glide along, rotating only parallel to the plane 
of the glass slip. 

Polarised light aids greatly in such observations ; for a series 
of coloured rings or zones, which are fairly parallel to the out- 
line, appears if a grain is present, since it becomes thicker from 
the margin inwards. Platy forms commonly show similar rings 
at their frayed edges; but the central area gives a uniform 
colour, being bounded above and below by parallel surfaces. 

The degree of rounding of the grains must be studied by 

• Quart, Joum, Oeol. 8oc., vol. xxxvi. (1880), Proc., p. 46. See also 
McvMy Mkroacop. Jcvm,, 1877 ; Anniv. Addrees. 
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transmitted and reflected light. Mr. Sorby, in comparing one 
sand Vrith another, uses sieves that separate grains for examina- 
tion having a diameter of about y^th of an inch. The finer the 
grains, the less the degree of rounding; and it is obvious that 
very cleavable or friable materials will be incapable of comparison 
with such substances as quartz. Thus some constituents become 
quickly reduced to minute particles, and thereafter suffer little 
physical change ; others exist as minute crystals in the rock from 
which the sand is derived, and these may retain their forms 
through a very long series of natural triturations. 

Mr. Sorby and Mr. J. A. Phillips* have pointed out that the 
most rounded and polished grains are found in sand accumulated 
on land-surfaces, as in deserts. Thus some of the Bunter sands of 
Lancashire and Cheshire *' flow between the lingers as readily as 
shot/' and were very probably blown against one another in some 
Triassic desert. The process even here must continue for a con- 
siderable time, since the ordinary drifted sands of sea-side dunes 
show little rounding ; while it would be difficult to find a parallel 
among the polished sands of modem deserts for the remarkably 
smooth and globular constituents of the Triassic "millet-seed 
sands." Where, then, the majority of medium-sized grains in a 
sand are strikingly rounded, the deposit has been formed by 
seolian agency, or by rivers bringing down such materials from 
the land. 

It must be borne in mind that the more heterogeneous the 
constituents of a sand, the nearer it is likely to be to the place 
of origin of the materials. But any sand may have been cemented 
into a sandstone, and again broken down into a sand, in several 
geological periods, and denudation combined with earth-move- 
ments may have long since removed the rocks of which its grains 
were original constituents. On our own southern shores it is 
most interesting to reflect on the mingling together of granitic 
quartz, and of Triassic, Portlandian, Cretaceous, and OUgocene 
sands, to form later sandstones which will be assigned to the 
opening of the human period. 

The grains of quartz that compose so large a part of ordinary 
sands, when cleaned from their superficial coatings, show an ab- 
sence of prismatic forms and cleavage-surfaces, and are generally 
pitted and covered with small grooves, when seen by reflected 
light. By transmitted light the strings of liquid-enclosures, 
characteristic of rocks that have at one time been deep-seated, 
frequently become visible. At other times, relics of glass that 

* **0n the conBtltution and history of grita and sandstones." Qtiart, 
/<wm. Oeol, Soc^ voL xxxvii. (1881), p. 12. 
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has intraded into the grain point to its having existed in a 
volcanic magma. The deposition of crystals upon the grains 
will be treated of under the head of sandstone (p. 192). 

The bright colours of the quartz in polarised light, running in 
zones that rise towards fourth order colours at the centre, serve 
to pick out the granules among duller and heterogeneous material. 

Particles of flint are comparatively rare, even in the finer 
materials of flint gravels ; though in some sands they contribute 
by their abundance to the dark colour of the mass.* The chips 
are typically angular and small, and show with crossed nicols 
a minutely granular structure, the grey speckled effect being 
constant during rotation, and the whole never becoming ex- 
tinguished at the same time. Particles of white flint may be 
seen in some gravels by reflected light, and may be picked out 
and tested with acids. Some of these show traces of the structure 
of siliceous sponges (sand of Chipstead, dea) Others result merely 
from the alteration of firagments of originally black flint. 

FeUpara give generally rounded grains, which are almost 
opaque in water, and are, if large, not very translucent in bal- 
sam. By reflected light they appear milk-white, or brownish or 
pinkish-red. These effects of earthy decomposition are very char- 
actenstic, although clearer examples, even showing repeated twin- 
ning, occur near the place of origin of many sands. It must 
be remembered that a prismatic doubly-refracting plate thinner 
towards one edge than the other will give with crossed nicols a 
series of oolouiiMi bands, which may simulate twin-lamellse ; but 
the colours will not be alternately complementary, but will rise 
in the order of Newton's scale as they recede from the thin edge. 

The MiecLs show flat irregular plates, the edges descendmg 
in minute steps, owing to the cleavage. But for this indication, 
the cleavage is not noticeable, since the plates will not stand up 
edgewise in the preparation. This fact is important also in 
observing pleochroism, since the almost uniaxial character of 
common dark mica prevents the change of tint from appearing 
in basal flakes. The lustrous surfaces of the micas enable them 
to be detected in the dry sand by reflected light. 

Amphiboles and Pyroxenes give more or less prismatic frag- 
ments, with signs of cleavage and a fairly robust appearance. 
The pleochroism of the former group aids in its recognition. 

Tov/rmaline occurs often in sands derived from granites, 
yielding conchoidally fractured grains or prisms^ of dark brown 
green or other colours. Strong pleochroism, the darkest tint 

*Mi8s M. I. Qardiner, "On the Oreensand Bed at the base of thQ 
Thanet Sand." Quart. Jaum. Otol, Soe., yol. xjiv. (1888), p. 766, 
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ooouning in the reverse position to that of hornblende — i.0., 
perpendicular to the longer axis of prismatic forms. 

Magnetite is opaque black, verging into the brown of the 
'' ironstone" grains that are also frequent in sands. These 
opaque brown grains often consist of the material, such as 
linumitSf by which the sand may ultimately be cemented. 

Kaolin gives in water, on pressure of the cover-glass, tiny platy 
particles and much excessively fine dust. In water or balsam 
the doubly-refracting character enables the crystals to be picked 
out from the mere amorphous or minutely divided mud. Opaque 
white by reflected light. 

Olauconite^ a general name for the green silicates that form in 
hollows of foraminifera, <kc., is granular, the grains being commonly 
composed of smaller ones, and retaining in many cases some trace 
of the form of the foraminiferal chambers in which they first 
consolidated. Colour dark green to green-black by reflected 
light ; by transmitted light earthy to clear green, yellow-green 
or brown-green. A very common soft constituent of the greener 
beds of sand in all formations. 

The heavy minerals that appear on separation from the bulk 
of the constituents of a sand are mostly iron ores, tourmaline, 
zircon, and rutile. Mr. Allan Dick found in a bed of the Lower 
Bagshots at Hampstead about 3 per cent, by weight of these 
constituents. Zircon exhibits colourless strongly refracting ovoid 
or prismatic rods, the prisms being frequently terminated by 
only slightly abraded planes of the pyramid. Enclosures of rod- 
like crystals may be seen within the zircons. RutUe appears as 
orange-brown granules or prisms, the characteristio heart-shaped 
or geniculated twins being occasionally present. The outlines 
of the forms are very black, owing to the exceptionally high 
refractive index.* 

Finally, the rock-fragments that may occur in sand, even on 
a very minute scale, must be considered apart from the pure 
minerals ; but their study is beset with difficulties, and specimens 
from the coarsest veuieties of the sand-beds can iJone give satis- 
&ctory indications. 

Qiits and Sandstones. — I. These may be studied by rubbing 
up with the fingers or a stiff brush (not by crushing) until the 
individual constituents are released. The cementing matter 
must be examined chemically; in many cases the cleavage-sur- 
faces of calcite can be seen gleaming between the grains, which 
have become, indeed, set in ophitic crystals of the cement. 

• See T«ftU, if tcro»cop»c Petroffraphjf, plate 44. 

Digitized by VjOOQIC 



192 SSPIXBlffTABT BOGSa 

Barytes occurs in some cases, and silica is common. Dark iron 
oxides cement sandstones at times in bands and patches, and 
casts of fossils, though lost in the rock, will be found occa- 
sionally preserved in these consolidated parts of it. 

In the so-called "crystalline sandstones," known in Britain 
through their occurrence in the Permian, the grains show 
crystal-facets of quartz, easily seen in coarser cases with the 
lens. Mr. Sorby showed how these crystals resulted from the 
deposition of silica upon original rounded grains, the interstices 
between them becoming finally filled with this clear secondary 
quartz. 

II. This question receives even greater interest from the appli- 
cation of the microscope. If the grains thus coated with faceted 
quartz are treated witn acid to remove limonite, &c., the original 
internal grain becomes visible by transmitted light, and the 
secondary deposit is found to be in optical continuity with the 
original quartz, being in fact a restoration or perfecting of the 
abraded granule. At times only the first signs of such crystals 
appear on the surfaces of ordinary grains, showing as bright little 
pyramids when reflected light is used. It has been suggested, 
on the other hand, that some grains become corroded by solution 
of the surface after the consolidation of the sandstone. 

Should the original grains be completely enveloped in new 
quartz and their inde]>endent outlines lost, it is evident that the 
union of the coats belonging to adjacent grains will take place 
along irregular sur&ces, and a number of interlocking granules 
will appear in section, each giving a uniform tint between crossed 
nicols. Such a structure is characteristic of the quartzites about 
to be discussed. 

Sections of consolidated grits and sandstones are particularly 
valuable for the study of cementing materials. Oalcite, or 
aragonite, is sometimes deposited in fibres between the grains; 
in other oases a chalcedonic cement has resulted from the 
solution of spicules of sponges scattered through the sand-bed, 
the casts of which, or of their tubules, still remain. This matter 
will be again referred to under chert. 

Prof. Bonney* has remarked on the rarity of chalcedony as 
a cementing material among the older rocks. It is quite possible 
that a slow passage into the condition of quartz takes place, 
and the continuously crystalline appearance of the granules of 
ordinary quartzite becomes thus finally set up. 

The ferruginous cement of many dark red sandstones and 

* "On the Ightham Stone," Oeoi. Mag,, 1888, p. 299. 
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'' carstoneSy" like certain layers in. the Folkestone Sands, is 
almost opaque in sections. 

In grits the constituents can be easily studied in section; 
the felspars often appear prominently, as in rocks formed close 
against a granitoid or gneissic area. The Torridon Sandstone 
of N.W. Scotland is a fine example. (Frontispiece, fig. 2, and 
p. xiii.) The larger quartz fragments are frequently seen 
between crossed nicols to be compound, being in fact quartzites 
and derived from pre-existing consolidated sandstones. The close 
examination of the rock-fragments in coarse grits gives one a 
very fair idea of the nature of the land-surface over which the 
denuding and transporting agents worked. We must remember, 
however, that limestones and clays go to powder readily, and 
are only feebly represented in these final accumulations. 

In an old volcanic district, the consolidated grits and gravels, 
seen in section, give one very valuable information as to the 
rocks that were first attacked by denudation. Thus the glassy 
scoriaceous surfieices of lava-streams become early broken up and 
reduced to fertile soils and red bands of '^ laterite ; " but in the 
gritty accumulations of the rivers that flowed through the vol- 
canic area we find rolled fragments of these surfaces preserved 
in considerable abundance. 

There is often considerable difficulty in deciding as to whether 
fragments of lava, occurring in a sandstone, point to contem- 
poraneous volcanic action. A rock may not be an actual tufi^ and 
yet may derive much of its materials from adjacent tuffs, which 
were formed, perhaps, only a few days before its own period of ac- 
cumulation. Here the microscope aids us in estimating the rela- 
tive antiquity of the igneous fragments. Their degree of freshness, 
particularly when they consist of pumiceous glass, becomes a useful 
guide. Where, however, they are minute and shred-like, we must 
remember that the explosive action which produced them, although 
truly contemporaneous, may have occurred a hundred miles or so 
from the site of the sandstone in which they are embedded. 

Sandstones formed close against a mass of granite, or similar 
plutonic rock, may sometimes closely imitate the igneous mass, 
especiallv when seen in section. The fine-grained ''arkose" 
produced under such conditions contains all the minerals of the 
igneous rock, closely set, and fitted into one another by the pres- 
sure of overlying strata. But it must be remembered that the 
ferro-magnesian minerals, the micas and so forth, of the original 
igneous rocks are those that develope first, and secure their 
characteristic outlines. Here, however, in the reconstructed 
rock or arkose, they will have no superiority of form, and will 

13 
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often be omshed affainst and folded round the more resisting 
grains of quartz and felspar. 

Qnartzites. — I. A certain amount of difficulty has been made 
as to the distinction of ''quartz-rook'' (massive quartz) and 
quartzite; but the former rock typically occurs in veins, as 
a product of hydrothermal action, and is formed of coarse 
interlocking and irregular quartz crystals. The quartzites, 
on the other hand, are divided by a number of small joint- 
planes, often show traces of bedding, and almost invariably 
reveal their granular structure on close examination with 
the lens. Any grit or sandstone with a siliceous cement 
may be regarded as a quartzite, and the pocket-knife readily 
detects this essential character. The best types, however, are 
those in which the individual granules have become merged, as 
it were, in the cement, which has settled down in crystalline 
continuity with the several grains. The surface of such rocks, 
and of the cement in other types, presents a characteristic almost 
vitreous lustre, and is broken up into a number of minute 
glancing points. The colour of the rock is commonly pale grey 
with yellower or browner joint-surfaces, the iron having passed 
away along these during the slow alteration of the mass. Many 
quartzites, like those of the Wicklow Sugarloaf and the cappings 
of the Torridon hills, are almost pure white, and can be seen as 
gleaming crags at a considerable distance. 

The specific gravity is practically that of quartz or a little 
higher (about 2*67). Acids merely spread over the surface with- 
out effect, and the hardness at once forbids any confusion with 
grey dolomite. Even the compact eurites, of igneous origin, are 
almost invariably softer than typical quartzites. 

The bedding-planes of the original sandstone are very often 
obscured, and the fracture of the rock is irregular to conchoidaL 
The foliated metamorphic quartzites will be discussed under 
quartz-schist. 

n. In section the quartzites are clear and colourless, with 
occasional signs of the original granules. With crossed nicols 
a brilliant interlocking mosaic of quartz areas appears, the 
effect of which may be intensified in the metamorphic types 
by crushing (see fig. 44). 
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II. Fragmental Yoloanio Deposits. 

While volcanic sands are mere waterworn deposits that have 
derived their materials from some neighbouring volcanic area, 
there is a great group of rocks, often well stratified, that is 
formed directly bj volcanic accumulation. 

Volcanic Agglomerates or Coarse Tuffs. — ^The constituents are 
blocks of volcanic or more deeply seated rocks, angular and often 
of considerable size. These are frequently scoriaceous and 
amygdaloidal, and represent the more vitreous parts of lavas. 
Spheroidal bomb-like forms may be looked for, as well as twisted 
ropy types, coloured externally a rusty browu. The groundmass 
is ju>rmed of similar smaller fragments and fine dust, and the 
whole becomes in older examples as firmly cemented together as 
a conglomerate, the joint-planes traversing the included blocks 
and the binding material alike. The great weathered joint- 
surfaces of such rocks are valuable for study in the field, as 
the materials of different composition and hardness stand out on 
them distinctly from one another, and sections are in addition 
provided of the bombs and other ejected blocks. Sketches must 
be made on the spot, as it is impossible to adequately represent 
such masses in hand-specimens. 

The fragments torn from stratified deposits and thrown out 
into the agglomerates, particularly when the eruption was sub- 
marine, are well contrasted with the igneous matter. We may 
note as examples the great flakes of shale to be seen in the 
blocks under Tyrau-mawr on Cader Idris. 

Tuffs and Ashes. — I. The tufib are so often altered soon after 
deposition, owing to the attacks of volcanic vapours, that their 
former loose character is lost» and they appear compact and even 
uniform on newly fractured surfaces. Weathering, however, 
reveals the coarsely fragmental structure, and developes again the 
scoriaceous character or many of the included blocks. Examples 
of the weathered surface should always be collected. The beds 
will be found, on tracing out, to vary considerably and rather 
rapidly, and to present, if deposited on land, marked variations 
in thickness. 

The loose tuffs of late Tertiary volcanoes are readily recog- 
nised. The embedded crystals, such as augite or felspar, and 
the blocks of lava, will enable one to ascertain the character of 
the materials that rose in the volcanic vent. Earlier and 
consolidated beds will, however, be sometimes blown to pieces 
and mingled with these fresher layera 
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The finer ashes form yery compact beds that require the 
microscope for their determination. In many, particularly when 
spread out by water, there is the most delicate stratification, and 
the older varieties resemble grey or greenish slates. Con- 
cretionary lumps may be formed in them, simulating at first 
sight the fragments in a tuff. 

II. The study of tuffs and ashes under the microscope is of 
immense interest, owing to the various types of volcanic rock 
that are found thus thrown together. An abundance of glassy 
particles, often in mere shreds or conchoidal wisps, characterises 
the groundmass in most cases. Even in ancient examples, the 
forms of these remain strikingly apparent (fig. 22). The larger 
lumps must be compared with their representatives among the 
lavas, but a preponderance of glassy types may be expected. 




Fig. 22.— Altered Andeute-tuff— Snead, near Bishop's Castle, Shropshire. 
X 14. Fragments of various lavas, more or less devitrified, with 
cr^'stals and fine compacted interstitial ash. a. Compact andesite or 
aphanite. /, Ejected crystals of felspar, probably derived from the 
breaking up of pumice, p^ Perlitic and formerly glassy andesite. 
pUt Pumioeous and vesicular fragments of altered andesite-glass. 

In fine compacted ashes it may be impossible to determine in 
section the volcanic origin of the material ; but modern examples 
can be mounted in balsam like sands, when a mixture of pumiceous 
glassy frafjments and crystals of various constituents becomes 
easily visible under a ^inch objective. The crossed nicols serve 
to pick out the crystals from the glass, the felspars appearing as 
brightly coloured cleavage-flakes. The careful microscopic study 
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of such recent materials encourages one to cope with very 
dubious " slates " and indurated beds which may prove to be of 
volcanic origin. 

The minerals developed by secondary action in tuffs and ash- 
beds seldom obscure the structure when the microscope is used. 
Even fluor-spar arises at times ; and the vitreous matter becomes 
commonly altered to greenish softer products, when basic in 
character, or to anisotropic granular areas when more highly 
silicated. The form of the wisps and shreds of glass is, however, 
well preserved, even in some ashes of very ancient date. 

A brecciated lava may often be distinguished from a tuff by 
the adjacent fragments being clearly broken apart from one 
another, veins of new minerals or crushed materials filling the 
gap. Lavas may often pick up fragments of their own cooled 
surfaces or of beds over which they pass, and the microscope 
must prove the continuity and formerly fused character of their 
matrix before they can be well distinguished from tuffs. Pro- 
ducts of crystallisation from the fused mass, such as spherulites, 
(be., will in such cases often be seen round the included frag- 
ments, and the edges of the fragments may show signs of 
remelting, or of secondary crystallisation. (See p. 99.) 

Fine-grained ashes, again, may pass into true sedimentary 
deposits through being accumulated under water or by the flow 
of rain-floods down the sides of the volcano. Microscopic 
evidence will hint at this mingling of material, but such sugges- 
tions must be worked out fully in the field. 

Finally, the materials of any one deposit are likely to give 
only a limited notion of the nature of a particular eruption, or of 
the rocks extruded, since a sifting of a very complete character 
may go on in the air, the compacter lava-framents falling nearer 
the volcanic centre, the crystals embedded in vesicular glass being 
carried farther, and the fine pumice being deposited to form con- 
siderable dust-beds at a distance of even several miles. 



III. Clays and Shalbs. 

I. The plastic nature of clays when freshly collected, and 
their easy sectility when dry, the cut surface appearing polished, 
are characters known to every one. Any change of colour should 
be noted in a clay-pit as deeper beds are approached, for the 
suspicion of alteration hi^ngs over most brown clays. The 
red streaks of the '' mottled clays " seem due to the introduction 
of iron-salts by permeating waters, calcareous matter going into 
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Bolation from the clay (Moody, Qttart, Joum, Oeol. Soe., 1905, 
p. 431). 

The analysis of soils has shown that some of the materials 
known as clays consist essentially of finely comminuted quartz 
grains. The qualities of plasticity and practical impermeability do 
not depend always on mineral constitution; on the other hand, or- 
dinary clays contain some 20 per cent, of alumina, while some yield 
38 per cent, of alumina and 46 per cent, of silica, showing that 
they consist almost entirely of kaolin. To detect admixtures of 
coarser matter, which may give some hint of the source of the 
clay, the material is broken up, without violence, and thoroughly 
dried. The pieces are now immersed for twenty-four hours in 
water, when they break down easily to a very fine mud, which 
can be washed gradually away (see p. 114). Repeated washing 
in a broad dish will serve all ordinary purposes, the fine muddy 
material being poured off at intervals. The residue will consist 
of the coarser sand, selenite, iron pyrites, &o. 

Small fossils, such as entomostraca and foraminifera, may be 
similarly extracted. Their very smallness allows them to retain 
delicate spines and structures upon their surface when larger 
shells have been entirely broken up by natural or artificial 
pressure.** A quite moderate amount of water, so as to allow 
of slight friction of the mud-coated organisms against one 
another, assists their cleansing; the fine mud, as a safeguard, 
may be decanted ofif through muslin ; in some cases fine silk is 
necessary. 

Marls, truly so-called, may be detected by their partial effer- 
vescence with hydrochloric acid, the shelly or inorganic admix- 
ture of carbonate of lime readily betraying itself. 

Loams, on the other hand, are recognisable by the large pro- 
portion of gritty matter, insoluble in acid, that remains behind 
after washing. 

The beaul^ul laminated structure of some clays become more 
apparent where the materials are more consolidated and the rock 
passes into shale. On the surfaces of such beds delicate fossils 
must be looked for, the leaves of Tertiary deposits, the Wealden 
entomostraca, the plant remains of the Coal-measures, and the 
impressions of the graptolites, being familiar examples. Very 
fine calcareous beds, like parts of the Solenhofen *' slate," resemble 
some pale shales, but can at once be distinguished chemically 
with acid. Among the older rocks there is a tendency for 
shales to become darker than the corresponding modern stratified 

•Sdentific News, vol. i. (1888), p. 141 ; also Praeger, " Estuarine CHays," 
Froe, B, Irish dead., 3rd ser., toI. ii. (1892), p. 218. 
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clays, and graphitic matter becomes finely disseminated by organic 
decay. The fissility of the layers, due to shrinkage and pressure 
of upper deposits, is the essential character of these shaly forms. 
See also Concretions later. 

Bauxite is not a true clay, but is commonly mixed with clay, 
and is found in association with ordinary sediments. In some 
cases, as in the laterites studied by Dr. T. H. Holland {Records 
GeoL Survey, India^ vol. xxxiL, 1905, p. 175), it has clearly arisen 
from the decay of igneous rocks rich in alumina. It is a compact 
or pisolitic mass, cutting like clay, adhering to the tongue, and 
grey or cream-coloured. Some varieties are strongly red, through 
abundance of iron. Except for impurities, bauxite is soluble in 
sulphuric acid, and forms the one source of commercial 
aluminium. 

XL Under the microscope the minute particles of kaolin 
are platy or merely dust-like, but distinctly affect polarised 
light. Quartz grains stand out, with yivid interference-colours, 
and fragments of shells show the strong double refraction of 
calcite or aragonite, often with black crosses due to minute radial 
Skggreg&teB. The residues after washing resemble sands; care 
must be taken that mica flakes, which may be numerous, are not 
washed away completely with the light material, on account of 
their easy flotation. The rutile is extremely minute; but in 
many clays the titanium dioxide, as shown by analyses, amounts 
to over '30 per cent. 

Crystals or cleavage-flakes of gypsum (selenite) are not un- 
common, recognisable by their angles and low polarisation-colours. 
Glauconitic grains may also be expected. 

Some clays and shales contain pumiceous and other volcanio 
particles, and graduate into the subaqueous ash-accumulations 
already described.* 

lY. Limestones. 

General Characters. — The colours of limestones are very 
various ; but the hardness, about 3, helps greatly in the deteo- 
tion of these rocks. While at times finely granular limestones 
resemble quartzites, and dark varieties e^en imitate compact 
basaltic lavas, the knife readily settles the question, and leaves 
a well marked scratch, filled with white powder, across the 
limestone. 

* For microflcopio details of clays and slates, see W. M. Hntchings {OeoL 
Mag. 1890, 1891, 1892, 1894, and 1896) and B. Zschokke {BulL Soc cTen- 
eoumgemerU pour rindustrie not,, voL oiii., 1902, p. 664). 
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The specific gravilj is generally rather nnder that of calcite, 
probahlj owing to porosity and imparities. Some compact 
varieties give only 2 '6, while the dolomites run up to about 2*85. 
Varieties with much aragonite will give 2*8. With hot acid 
all varieties effervesce freely. The ordinary limestones do so 
when a drop of cold acid is laid upon them. 

Meigen's test will distinguish aragonite in these rocks from 
calcite, while Lemberg's test will mark out calcite from any 
dolomite that may be present (see p. 36). ' 

The residues after solution (see p. 120) are often of extreme 
interest. Sand -grains are of course common, with glauconite, 
treinolite, flakes of mica^ <ka But in many cases silicified organic 
structures may appear; and in the Carboniferous limestones 
doubly terminated quartz crystals have been frequently noted, 
containing impurities from the limestone, in which they have been 
developed after its consolidation. Mr. E. Wethered has found 
these, in the Clifton limestones, formed round detrital sand- 
grains, just as the secondary quartz is deposited in the sandstones 
already described.* Planes of lamination, though they may 
be quite apparent, as in some Tyrol dolomites, do not necessarily 
form easy planes of separation. The distinct vertical joints, 
passing down through many feet of strata, give, with the bedding- 
planes, the well known block-like character to exposed limestone 
surfaces, and tend to perpetuate the terraced cliffs so familiar in 
the field. In the hand, compact limestones break through with 
a clean fracture in almost any direction, the surfaces produced 
by trimming being conchoidal in those of the finest grain. 

Mr. Sorby observes that the fissile character of the Stonesfield 
"slate" is due to lamine from the shells of Ostrea and brachiopoda. 
Another point brought out by his extended series of studies and 
comparisonsf is the frequent occuiTence of small rolled fragments 
of earlier beds of limestone in those of later consolidation. 

Concretions of silica (flint and chert), and the replacement of 
whole beds by pseudomorphic action, are common features of 
limestones of every age. The character of the products of such 
action will be discussed in the seventh division of this chapter. 

The faces of cracks in limestones, and the surfaces of hollows 
and caves, will be commonly found coated with stalactitic crusts, 
often of great delicacy. Similar deposition upon leaves, twigs, Ac, 
from springs containing carbonate of lime, gives rise to travertine 
or ** calcareous tufa," the interspaces becoming finally filled up 

♦ Quart, Journ. Oeol, Soc., vol. xliv. (1888), p. 186, with figs, of residues, 
t Presidential Address, 1879. QuaH. Journ. Geol, Soc., vol. xxxv., p. 66. 
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with calcite and the whole mass consolidated into a limestone 
showing vegetable impressions. 

Shelly Limestones and Chalk. — The modern representatives of 
these rocks are found in our shell-bank^, in the white accumu- 
lations of fresh-water shells in lake-floors (commonly styled 
** shell-marl "), and in the calcareous oozes of deep seas. Seeing 
that, as Mr. Sorby has shown, followed by Messrs. Ck>mish and 
Kendall,* there are numerous organisms that construct shells 
of aragonite, while other shells consist of calcite, and yet others 
of layers of both these minerals, we must expect to find both 
forms of carbonate of lime in association. The instability of 
aragonite, however, gives rise to pseudomorphs in granular 
calcife, or to the total removal of the shells originally built up 
by it. Hence calcite becomes the prevalent constituent of con- 
solidated limestones. In judging of the fauna to be found in 
these rocks, allowance must be made for the solubility of the 
aragonite shells, and search must be made for impressions 
and casts. Thus porcellanous foramLnifera,t the skeletons of 
corals, many lamellibranchs, and most gastropods, may be 
absent fix>m permeable rocks in which they once existed in 
abundance. Messrs. Cornish and Kendall show how below the 
saturation-level such shells may be preserved, though in a 
crumbling condition, while in the beds through which the water 
actually flows they become entirely removed, the calcite shells 
being also afiected along well-marked lines of flow. 

I. In the field the shells should be looked for upon weathered 
surfaces, or upon the marked bedding-planes of the rock. Many 
slab-like masses seem unproductive until split open parallel to 
the stratification. Careful chiselling away, after collection, with 
a small chisel or a blunt knife-end, and steady cautious friction 
with a tooth-brush, dry or under water, will reward the worker 
who has time for the development of choice specimens. Calcite 
shells have a somewhat transparent appearance in small frag- 
ments; aragonite shells are more porcellanous and dull, and 
vnll scrcUcfi tJie surface of a calcite cryakd. The remarkably 
uniform crystallisation of the calcite in echinodermal remains, 
whether tests, spines, calyxes, arms, or stems, enables one to 
pick out these bodies upon fractured surfaces of limestone. The 
calcite cleavages are continuous throughout each *' ossicle,'* as 
may readily be seen in the tests of the numerous echinoidea of 

* " On the Mineralogioal Oonstitiition of Oaloareous Orffanisms." Oeol. 
Mag,, 1888, p. 66. 

t Sollas, *< On Sponge Spicules, &a/' Joum, a. Otol. Soc Ireland, vol. 
vii, p. 40. 
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the Chalk or in the stems of Carboniferous crinoids. Other shell 
structures, like the pearly folia of the oysters or the fibrous 
fractured surfaces of InoeeramuBy can be characteristically recog- 
nised on rough surfaces of limestone. Pseudomorphs of the 
fossils in carbonate of iron, silica, hasmatite, &a, are by no means 
uncommon. 

II. While shell-sections can be well studied with a lens in 
quarries of fossiliferous limestone, the microscope affords much 
material for careful observation. The recognition of the various 
organisms is naturally difficult in sections, and recourse must be 
had to the solid types in the rock-specimen itsel£ Foraminifera^ 
as in chalk, suggest their presence by the multiplicity of their 
chambers and by a number of detached thin-walled circular 
sections. The slides should be of large size, and sections are then 
sure to occur which i>ass conveniently throush certain forms and 
reveal the true relations of the chambers. In Cretaceous chalk 
there are the curved forms, like scimitars, of larger shells, more 
transparent than the calcareous mud that forms the ground- 
mass ; and occasionally the rectangular fibrous sections of 
fragments of Inoceramtis lie scattered through the slide. 

When chalk is carefully broken up and washed, as in a muslin 
bag under a flowing tap, the foraminifera may sometimes be 
extracted solid, and can be mounted as if they were part of a 
modern ooze. By rubbing up with a tooth-brush, a fine white 
mud is produced, which shows abundant coccoliths, like those of 
existing seas, when examined with a i-inch or |-inch power. 
This process of separation is sometimes naturally performed in 
the fine detrital mud to be collected at the base of chalk escarp- 
ments. {C/. Chapman, Froc, Geol. Assoc,, vol. xvi., 1900, p. 268.) 

Sections of chalk are by no means difficult to prepare, but 
must be finished without emery and with a delicate hand. The 
harder beds that occur at certain levels may conveniently be 
chosen for this purpose. 

In some sections of chalk, as in specimens from the Chalk- 
Rock and Melboum-Bock (the upper and lower limits of the 
British Turonian\ the fact that the bed is partially constructed 
of fragments derived from earlier layers is well displayed and 
has an important stratigraphical bearing.* 

Sections or polished surfaces of shelly limestones parallel to 
the stratification and perpendicular to it will naturally present 
very different characters, and will, in cases where weathered 

♦See Prof. Judd, "Juraaeic Depoeita under London," Quart, Joum. 
Geol. Soc„ voL xl. (1884), p. 733 and plate xxxiii. Alao Hill and Jukea- 
Browne, ibid,, voL xlii. (1886), p. 229. 
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sarfaoes are not available, be of service in determining the true 
forms of the embedded fossils. 

The material between the fossils and filling their cavities is 
found to be a detrital mud ground from shell-fragments, or 
distinctly crystalline calcite which has gradually developed. 
Since carbonate of lime forms minute crystals even in ordinary 
chemical precipitation, the occurrence of well-developed granules 
in sections, with characteristic signs of cleavage and twinning, 
must not be taken as evidence of extreme metamorphism, but 
rather as the natural accompaniment of the consolidation of the 
mass. (PL I., figs. 1 and 2.) 

Coral-Limestones. — Scattered corals occur in many shelly 
limestones; but occasionally the branching or astnean types 
build up reef-like masses among ordinary sediments, enclosing 
the coral-detritus accumulated on their flanks, together with 
many remains of the organisms of the external sea. These coral 
limestones can be well studied in polished surfaces, which 
often, by contrasts of colour, show more than thin sections, in 
which the crystals of calcite, in the walls as well- as in the 
interstices, obscure the definiteness of the outlines. (PI. I., 
fig. 3.) 

In coral-limestone, the aragonite of the skeletons or of the 
cementing material passes readily into calcite, while dolomit- 
isation may further obscure the original structures. (Compare 
Skeats, " Dolomites of Tyrol," Quart, Joum, Geol. Soc,, vol. Ixi., 
1905, p. 126, &c.) 

Lime8tonea.formed by Calcareous AlgsB. — The calcareous algaa, 
such as Halimeda (aragonite) and Lithoiharrvnium (calcite), con- 
tribute very largely to the massive rock known as coral-lime- 
stone, and sometimes form independent reefs. In hap-hazard 
sections their elongated cells, in rows one above the other, may 
be taken for polyzoan or corallian structures. The litho- 
thamnium-beds of the Vienna basin are an example. 

PisoUtlc and Oolitic Limestones. — ^I. Treating the first-named 
of these as merely a coarse variety of the second, these rocks 
have the following common characters. On weathered surfaces, 
and on fractured surfaces of most Mesozoic and later types, 
distinct ellipsoidal and spherical bodies are visible, usually 
forming the bulk of the rock and of the same pale colour as the 
groundmass. In chemically altered types they become darker 
than the interstitial matter, appearing brown, red (Clifton), or 
black (Himant limestone). With the lens, concentric structure 
about a compactor nucleus is frequently clearly seen ; the nucleus 
is oflen a fragment of some fossil. 
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In pisolitic limestones these bodies are irregularly ellipsoidal 
and often flattened, and even resemble thick nummulites in 
some examples. 

The oolitic grains formed among the modem coral-reefs of the 
West Indies, or in the great Salt Lake of Utah, and studied by 
De la Beche,* Sorby, and others, are doubtless comparable to 
the components of the oolitic rocks that occur among the 
formations of all ages. 

In the majority of cases, the material deposited is aragonite, 
which has altered to calcite in the "fossil" examples. Herr 6. 
Linck's observations on this point are of special interest, and 
strongly support the view that oolitic structure has a simple 
inorganic origin (N. Jcthrb. filr iftn., <£c., Beilage Band xvi., 
1903, p. 509). 

It may happen that the original structure of a limestone is 
entirely destroyed by crystallisation. Even then its former 
character may be detected in the chert-bands that developed 
at an early period in the mass. Thus the chert of the Assynt 
limestone at Stronechrubie, Sutherland, preserves in the most 
exquisite manner the oolitic structure that doubtless once pre- 
vailed throughout considerable masses. 

II. In section the oolitic grains show a delicate concentric 
structure, with occasionally, in addition, a radial grouping of 
the components. The central ovoid nucleus is often large in 
proportion to the grain, and is a fragment of some fossil, 
a foraminifer, a sand-grain, or, very commonly, a rounded 
detrital lump of limestone-mud on which the concentric layers 
have accumulated. Many sections of the grains show no 
nucleus, the central portion not being included in the thickness 
of the slide. 

Mr. E. Wetheredt has noticed that the grains of certain 
pea-grits and oolites abound towards the exterior in convoluted 
tubular markings. Such delicate tubes are also clearly seen 
in sections of the West Indian grains. They have since been 
shown to be, in some cases, due to the borings of algse, such 
as penetrate many shells. (See QtuxH. Joum. Geol, Soc., vol. 
xlviL, p. 367, and Bornet and Flahault, £iUL Soc. Botaniqvs 
de France, t. xxxvi., p. 147; also JfcUu/re, vol. xliii. p. 185.) It 

* Geological Observer, 2Dd edition, p. 106; G. K. Gilbert, <* Lake Bonne- 
ville, ** Monograph i., U,8, Geol. 8urv,, p. 169; Rothpletz, abstract in ^ette< 
Jah/rh, fikr Min,, 18»5, Bd. i., p. 307; Ac. 

fGeol. Mag,, 1889, p. 196; also Quart. Joum. Geol, Soe., vol. zlvi., and 
vol li., p. 196; Hams, Proc. Geol. Assoc., vol. ziv., p. 69; and Teall, 
** Jorasaic Bocks," voL iv., Geol. Starv, United Kingdom^ p. 8. 
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Fig. 4. 



Fig. 1. — Recent Limestone, with fonmiinifera, calcareous alga?, shell- 
fragments, and crystals of olivine and augite derived from volcanic 
rocks, the whole united by a spicular cement. Mer, Murray Is., Torres 
Straits. x 12. 

Fig. 2. — Carboniferous Limestone, with foraminifera and fragments of 
shells and crinoid-stems. Co. Carlow. x 12. 

Fig. ,3. — Devonian Limestone, showing septa of coral and infilling of 
crystalline calcite. Newton Abbot, S. Devon, x 9. 

Fig. 4. — .Jurassic Limestone, showing oolitic grains and crystalline 
cement. Trouville, France, x 12. 
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is improbable that filiform algsB originate ooHtio grains in any 
case, though their adhesion may aid further deposition of 
calcium carbonate. 

Spheroidal calcareous deposits occur in some springs, 
aragonite globules being thus formed at Oarlsbad. These 
in section appear rather more uniform in structure than the 
ordinary oolitic grains. 

With crossed nicols oolitic grains give a black cross, due either 
to a tangential or radial arrangement of the constituent prisms. 
If we can ascei*tain by ordinary tests that we are dealing with 
calcite or with aragonite, the direction of vibration for the fastest 
ray in the components, as given by the quartz wedge, will suffice 
to show in which direction the longer axes of the little prisms 
point (see p. 156). Thus on pushing in the wedge at 45* to the 
vibration-planes of the nicols, the oolitic grain will be divided into 
four coloured sectors shading into one another. If compensation 
occurs in the two sectors which lie along the longer direction of 
the wedge, the vibration-directions of the fastest rays are radial ; 
if in the sectors that lie across, they are tangential. Hence we 
conclude as to the relations of the prisms to the spheroidal 
Aggregate, when the grain, as is usually the case, consists of 
calcium carbonate. 

But the common ellipsoidal type of grain gives us a quicker 
mode of determining this interesting point To this matter 
reference has been already made when treating of aggregate 
polarisation (p. 149). If the elliptical section is set upright or 
horizontal in the field, the arms of the black cross are parallel to 
the vibration-planes of the nicols ; if the grain is built of radial 
prisms, the cross is undisturbed on rotation of the stage ; ii^ on 
the other hand, the components lie tangentially, as is so commonly 
the case, the arms approach and recede from one another during 
rotation. 

Mr. Sorby has shown how oolitic grains recrystallise within, 
and form aggregates of calcite granules, all structure but the 
outer form being lost. The trains, probably from their being 
originally composed of' aragonite, easily become altered, and are 
often stained iron-red in section, or are black with pseudo- 
morphic infiltrations, while the groundmass of calcite granules 
remains clear. The oolitic ironstones of Cleveland and North- 
ampton, where the grains consist of carbonate and oxide of iron, 
have been shown to result from the alteration of ordinary oolitic 
limestones. 

Silica plays some part, however, in this series of chemical 
changes. On treating such ironstones with hydrochloric acid. 
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a very interesting skeletal residue of amorphons silica re- 
sults, the forms of the oolitic grains being accurately pre- 
served.* 

Finally, the interstitial matter between the grains of oolites 
resembles the groundmass of or- 
dinary limestones (PI. I., fig. 4). 
It is often converted into granu- 
lar calcite while the delicate 
structures of the grains are still 
preserved ; but ultimately, as 
above hinted, even the grains 
may become merged into the 
altering groundmass. If con- 
verted, however, into ferru- 
ginous or silico - ferruginous 
pseudomorphs, they are likely to 
be preserved through immense 
periods of change, and will 
remain readily recognisable in 
sections. 

Dolomitic Limestones and 
Dolomites. — I. These resemble 
ordinary types, but are liable 
to contain cavernous hollows 
and cavities. The specific gravity is about 2*8. Modern coral 
limestone may become dolomite (see p. 203, and Skeats, Bull. 
Mu8. Compar. Zool. Harvard^ vol. xlii., 1903, p. 51). In older 
masses, the dolomite may spread as a sort of disease in bands 
and patches, often resembling igneous veins. The iron that is 
often at the same time introduced colours the dolomite a 
faint brown, in striking contrast with the grey limestone 
round it. 

The well-known spheroidal aggregates in the magnesian lime- 
stone of Durham have been proved by Pro£ GTarwood to result 
from the crystallisation of calcite within the dolomitic mass 
\Oeol. Mag,, 1891, p. 433). 

Lemberg's test (p. 36) can be applied to the rock-surface or to 
the slide. 

The non-e£fervescence of true dolomite with cold acids may 
cause mistakes on hurried examination. 

n. The microscope shows a greater prevalence of the rhombo- 

•Seo Judd, Memoirs of Oeol, Survey ^ •* (Geology of Rutland," pp. 117- 
138 ; and Hudleston, "Geological History of Iron Ores," Proc, Oeol. Assoc ^ 
voL zi., pp. 123, 126, &o. Faloher, Oeol. Mag., 1892, p. 114. 
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Fig. 23.— Crushed ooUtio limestone 
ling into schist — Moiitiers-en- 
'arentaise, Alps of Savoy, x 12. 
c, Calcite. m, Mica in elongated and 
contorted folia, q, Quartz. Traces 
of oolitic structure remain in some 
of the limestone fragments ; others 
are compacter and almost opaque. 
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hedron among the orystalline constituents than is the case in 
ordinary limestone; Lemberg's chemical test (p. 36) can be 
applied to the uncovered slide. (PI. II., fig. 2.) 

Brecdated Limestones. — Owing to the yielding nature of the 
rook, these types are &irly common where earth-movements 
have taken place. The cracks become filled with calcite. By 
development of mica along surfaces of movement, they pass over 
into the metamorphio <' <»lo-schists " (fig. 23). The deformation 
of fossils in such rocks, or their redaction to mere mineral 
fragments, affords a most interesting field for observation. 

Limestone-Conglomerate. See Section IX. 



Y. BOKB-BEDS AND PhOSPHATIO DbPOSITS. 

The fragments of bone have usually become rich dark-brown 
or grey-black, and have a characteristio lustre. Associated with 
them is concretionary phosphate of lime, which forms nodules 
round them and disguises their outlines. Some phosphatic 
deposits consist of black casts of fossils, mingled with irregular 
concretionary lumps. All cases can easily be tested chemically. 

** Ooprolitic deposits " are often wrongly so called, consisting 
in reality of concretionary and septarian nodules. 

When fossils have become preserved in a bed by the infil- 
tration and segregation of phosphates, they resist ordinary 
physical disintegration, and are again and again found as 
derived fragments in formations of later periods. 



YI. Rooks Deposited fbom Solution. 

We have mentioned above the pisolitio deposit of aragonite 
occurring around sand-grains, &c.f in some hot springs, and the 
oolites may also be referred to this division. 

The cement of some marine limestones arises also directly 
from dissolved calcium carbonate, which is often deposited in 
needle-like crystals perpendicular to the surfaces of the other 
constituents. 

Stalactites and Stalagmites, accumulating slowly where water 
emerges after passage through calcareous rocks, commonly show 
_a crystalline structure to the eye. Other materials than cal- 
cium carbonate, such as barytes, or oxides of manganese, may 
occasionally be deposited in the same way. The successive 
layers in some stalactites, and in most stalagmites, are well 
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marked ou broken surfaces, and the mode of deposition can 
be clearly appreciated from this structure. 

Travertine, consisting of carbonate of lime deposited upon 
twigs, leaves, &c., in streams, often contains relics of vegetable 
matter, or casts of such materials appear when the consolidated 
mass is broken open. Mr. Sorby observed that even in traver- 
tine the little calcite crystals were sometimes deposited with 
their principal axes perpendicular to the twigs round which they 
formed. Travertines are characteristically pale in colour, being 
opaque white, brownish-grey, or slightly tinged with orange where 
iron oxides are more abundant. 

The above deposits must be distinguished by the use of acid 
from the rarer but parallel siliceous forms, since the friability of 
many siliceous sinters prevents the estimation of their hardness 
with the knife. 

Siliceous Sinter. — This is the deposit of some geysers and hot 
springs, and often forms pure white fragile crusts and stalagmitic 
accumulations of amorphous silica. By slow changes these pass 
into chalcedonio types. The siliceous sinter of geyser-basins has 
been stated to be deposited most rapidly where algn are present 
in the water, and to be due to a direct action of these algsa 
(Weed, Ninth Ann, Beport U.S. Ge6l, Surv., p. 650). 

The colour of sinter passes into grey, faint brown, or even 
pink, as in the £Bunous terraces of New Zealand, now destroyed. 

Gypsum (Alabaster). — L This rock is also generally white, with 
a compact structure, semi-transparent, and resembling some pure 
crystalline limestones. The glancing sur&ces of the calcite 
cleavages in the latter are represented in some coarser alabasters 
by the clinopinacoidal plates of the gypsum crystals; but as a 
rule the mass is more compact. The hardness is only 2, and the 
thumb-nail thus distinguishes the two types of rock. The white 
powdery surfaces of gypsum when struck by the hammer re- 
semble those of crystalline Hmestone. 

The specific gravity is another excellent test^ being only about 
2*32. The rock does not effervesce with adds. In the field the 
whiteness of the rock, as it appears in bosses through the soil, or 
gleams high up among mountain-masses, is a feature that attracts 
attention at a distance even of miles. The comparative purity 
of massive gypsums prevents their weathered sur&ces from being 
masked by products of decomposition. 

II. With crossed niools the low polarisation-colours of gypsum 
are seen. The crystals are granular and in contact, with well- 
marked cleavages. 

Bock-Salt.-^he characters of this rock may be seen from the 
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account of the mineral on p. 75. On solution in water, an 
earthy and often ferruginonB residue is left, which may repay 
examination. 

Some ironstones should be placed here, being earthy brown 
deposits formed by the oxidation of the dissolved salts of iron 
in the watei'S of laJces or bogs. 

YII. Segrbgativb and Pseudomobphio Rooks. 

Goncretionaiy Limestones. — These may be expected in the form 
of nodular masses in calcareous clays, often septariform — {.«., 
cracked up subsequently and recemented by infiltrations of crys- 
talline minerals. Fossils should be looked for in such nodules, 
since they may there be well preserved; often, indeed, they have 
given rise to the concretion by supplying a centre of the same 
material as that in process of segregation. 

The fact that the lines of bedding pass through concretions, 
and are not thrust aside by their growth, shows that the action 
cements together the particles of the rock with a new material, 
or actually replaces them by a pseudomorphic product of segre- 
gation. 

Cone-in-cone Structure. — This is a fairly common structure in 
rocks composed of carbonates, and, indeed, in any material 
capable of radial fibrous crystallisation. The material seems to 
consist of a number of funnel-shaped forms fitting into one 
another, some of the resulting compound cones having their 
apices downwards, and some upwards, in the same bed of rock. 
Under the microscope, films of dark impurities can be seen 
between the successive crystalline '< funnels" composing the com- 
pound cone. The whole structure evidently results from radial 
fibrous crystallisation, and a struggle to get rid of the impurities 
amid which the crystals are developing. These become pressed 
in between the coats of each compound conical crystal, and allow 
of their separation into successive hollow cones. (See Gresley, 
GeoL Mctg.f 1887, p. 17 ; Oole, Min. Mag.y vol. z., p. 136 ; Bonney, 
ibid.^ vol. xi., p. 24). 

Ironstones. — I. Many concretions consist of brown clay 
Ironstone, which eflfervesces with hot hydrochloric acid, the 
solution becoming coloured a strong yellow. These nodules 
consist of carbonate of iron with brown oxide rusts. The 
« black-band '' of the Ooal-measure rocks is similar. Iron- 
stones very frequently result from the pseudomorphosis of 
9ome ordinary sedimentary rock, though some arise from de- 
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position as bog iron ore, and others are merely cemented 
sandstones. 

By the breaking up of concretionary carbonate of iron, con- 
centric coats of limonite are formed in succession around each 
original centre ; where the rock is split up into cuboidal blocks 
by jointing, each block on being broken open reveals towards the 
centre sections of conceatric spheroidal surfsices, marked brown 
by the hydrated oxide, which is a stable product insoluble in 
water. As these surfaces approach the joint-planes, they con- 
form more to them, and the outermost coat is often box-like and 
well consolidated, protecting the interior from farther action. 
Concretionary layers of limonite, with no apparent connexion 
with joint-planes, may be found in many sands, and serve 
to protect fossils that might otherwise have been entirely 
dissolved. 

The "pisolitic" iron-ores (more commonly "oolitic," on 
account of the smaU size of the grains) offer some points 
of difficulty. Some appear to owe their structure to con- 
cretionary action set up at the time of deposition of the 
or6^ others as certainly to the pseudomoiphosis of calcareous 
oolite. One of the most perfect and beautiful examples of this 
structural type of ironstone occurs near Pont de Beauvoisin in 
the department of the Isdre. In our older examples, such as tlie 
black ironstone of Tremadoc, a dehydration has taken place, and 
the rock resembles a heavy compacted shale, the specific gravity 
readily calling attention to it. The powder is attracted by the 
magnet The oolitic granules are stiU recognisable. 

ll. Concretions of siderite show a crystalline granular char- 
acter (see p. 180). The oxidation and hydration of the iron- 
stones make them fairly opaque. The "pisolitic^* varieties 
of Wales show green oolitic grains full of granules of magnetite, 
the groundmass being almost opaque. The green colour may be 
due to silicate of iron, since a siliceous skeleton is left behind 
after boiling the grains in acid.**^ 

Flint and Chert. — I. These terms can be used synonymously 
for the concretions and beds of chalcedonic and amorphous silica 
found so frequently in limestones and sandy rocks. The char- 
actenstically uniform and often conchoidal surface of fracture, the 
semi-transparency of fragments, and the hardness ( = 7), are use- 
ful features in determination. Acids, moreover, have no effect. 

Nodular flints and chert-bands are found to follow the lines of 
stratification of the rocks in which they occur. They may also 

*Cole and JenningB, <*The northern slopes of Cader Idris." Quari, 
Joum. Geol, Soc., vol. zlv. (1889), p. 426. 



Digiti 



ized by Google 



BSDIMBNTAftT BOOKS. 211 

be looked for in ''tabular" forms along planes of jointing or 
Suiting. In the Ohalk the white exterior of the flints is due to 
porosity on a mioroscopio scale, caused by the remoyal of the 
more soluble part of the chalcedonio silica. 

With the unaided eye, duller white patches are often seen in 
cherts and flints, which are the residue of chalk-mud, or of fossil 
forms, mainly sponges, about which the segregation has taken 
place. Fossils may be included without change, casts being 
formed of them, or their calcareous substance may be partly or 
wholly silicified, like the corals of the Portlandian in the west of 
England. In the Carboniferous limestone whole beds of chert 
occur, in which the fossils (encrinite stems, &o.) are represented 
by mere empty moulds, having been dissolved away subsequently 
to the pseudomorphio replacement of the groundmass by chalce- 
donio silica. 

All cases of this kind deserve attention, and the knife must be 
kept ready to test any residual areas of carbonate of lime. By 
treating some of the remainiug shells with acid, a partial re- 
placement may sometimes be found to have occurred, as in the 
Inoceramns-fr&gmenta in the Chalk. 

While the actual chert-substance often appears homogeneous 
with the lens, in many cases opaquer rod-like bodies can be 
detected, and these are sometimes built up into the regular 
meshwork of a siliceous sponge. In Chalk-flints the former 
spicular structure is often represented by a red-brown pseudo- 
morph consisting of hydrated iron oxide, looking at the first 
glance like a mere stain running across the fractured surfaca 

The cherts of the Hy the sandstones of Surrey and of the Upper 
Greensand of the Isle of Wight are full of casts of spicules easily 
discernible with the lens. Many of the former include sand- 
grains and glauconite to an extent that makes them referable to 
** sandstone with siliceous cement." In some cherts, radiolaria 
are preserved, showing as minute dull white or grey spots on the 
fractured surface. 

We have already seen, in discussing limestones, how original 
structures, lost in the mass of the rock, may be preserved in the 
cherts, which thus acquire additional importanca The actual 
origin of chert has been much discussed ; but there can be little 
doubt that its frequent occurrence accounts for the absence in 
older rocks of the siliceous skeletons of radiolaria, sponges, and 
diatoms, such as abound in existing waters. The relation of the 
cherts in any formation to such traces of these organisms as 
remain is a matter of considerable interest. 

The compact white siliceous rocks of Arkansas, called '* Noviv- 
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oulites/' and used as whetstones, may be allied to flint rather 
than to sandstone. (See Rutley, Quart Jaum. Geol. Soe,, vol. L, 
p. 377.) Much " Lydian Stone " or " Lydite " is black chert. 

II. Microscopic sections show colloid, cryptocrystalline, and 
crystaUine silica often in the same slide, the crossed nicols 
proving that the general structure is chalcedonic. The polarisa- 
tion-enects are thus speckly, the general tints of the field being 
grey during rotation unless much quartz has been developed. 
Dr. Hinde* has described globules of colloid silica, about '02 
mm. in diameter (which from their forms are not silicified 
coocoliths), occurring in many of the sponge-beds that he has 
examined. The chalcedony iJso produces globular aggregates, 
giving black crosses between the nicols. The spicules of sponges 
are rarely preserved as colloid silica, but sometimes remain as 
aggregates of the little globules. Ohalcedonic silica partly or 
wholly replaces them, and frequently glauconite fills the canals 
and is left as a cast after their complete removal. Sometimes 
the spicule itself is replaced by glauconite. Radiolaria may be 
present, often as mere colourless circular areas of chalcedony, 
but showing, in fortunate sections, their reticulated mesh, or an 
inner globe supported within an outer one. 

The traces ox foraminifera, shell-fragments, and indeed all the 
structure of the adjacent limestone, preserved in chalcedonic 
silica, as may be seen in sections of certain flints, are good 
evidence of the actual pseudomorphosis that has occurred. The 
section should be cleaned from balsam and treated with acid to 
prove that the walls of the foraminifera, &c., have been truly 
replaced by silica. 

Similarly, the oolitic structure may be seen in flint, and must 
not be mistaken for the outlines of unicellular organisms. 

Phosphatic Concretions, which generally appear rich brown in 
sections, have been touched on in division V. of this chapter. 

VIII. Yeobtable Dbposits. 

If we exclude anthracite, the characters of the coals that serve 
readily in their recognition are their very low specific gravity, 
their hardness of about 2, and their combustibility. 

Brown coal is a lignitic coal, sometimes laminated, of a warm 
brown colour. It is sectile and sometimes clayey, and does not 
soil the fingers. 

Common coal needs no description as to external characters. Its 

* *' On beds of sponge-remainB in the south of England." Phil. Trana., 
part ii., 1885, p. 427, and plate 40. 
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Upeoific gravity is about 1*28, and it is also sectile. In some 
beds small black or brown disc-like bodies can be seen projecting 
from the fractured surfaces, and lying in the planes of bedding. 
These are the compressed macrospores of the lyobpodiaceous 
plants that flourished in the Carboniferous period, and appear 
in microscopic sections, taken across the bedding, as transparent 
orange elliptical structures, while the opaque carbonaceous 
groundmass is full of similarly coloured remnants of minuter 
spores. When cut parallel to the bedding, the circular form 
of the macrospores is seen. 

Anthracite has a more brilliant lustre, does not soil the fingers, 
is more brittle, and has a specific gravity near 1*4. Its hard- 
ness may reach even 5, and it is difficult to bum before the 
blowpipe. 

To study the organic remains that have given rise to coals, 
we must examine the adjacent shales and sandstones, where the 
plfloits have been more isolated and not matted together into an 
indistinguishable mass. Similarly leaf- beds are not the best 
preservers of fossil leaves; but exquisite examples maybe found 
in the same series of deposits by a search among the underlying 
or overlying muds. 

Diatomaceous deposits are friable light-coloured masses found 
in some lakes and also formed, in less purity, upon sea-floors. 
The delicate frustules of the diatoms, transparent and without 
effect on polarised light, must be studied microscopically with 
high powers. The rock, it may be noted, does not effervesce 
with acids. Fossil deposits of this kind are rare, through the 
destruction of the frustules by solution. 

We have referred on p. 203 to the calcareous deposits formed 
by corallines (nuUipore-deposits), and on pp. 204 and 208 to the 
possible direct algal origin of oolitic limestone and siliceous 
sinter. 

IX. Mixed Coarse Fraghental Deposits. 

Gravels, Pebble-Oravels, and Conglomerates. — The remarks 
made on grits and sandstones are applicable to these coarser 
Crocks. The size of the constituent rock-fragments should be 
ascertained, as well as the degree of rounding. Considerable 
variety in the nature of the constituents is to be expected in 
these accumulations in mountain-streams or on coarse beaches, 
since the materials have travelled a comparatively short dis- 
tance, and the weaker members have been often fortunately 
preserved from further trituration. Thus the magnificent 
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Nagelfliih aocumulations that accompanied the earlier develop- 
ment of the Alpine chain contain a rich store of rocks from the 
ridges then raised above the sea, some of the most interesting 
beds being composed of pebbles of compact grey limestone. 
The red conglomerates, again, that fringe the £. Devon coast 
preserve for us abundaiit relics of the volcanoes that were built 
up around Dartmoor in early Mesozoic times, of which in most 
cases only the deep-seated portions remain in situ, (Compare 
fig. 44.) 

The alteration of rocks in loose gravels easily permeable by 
water often makes collecting ui\8atis^tory, and warns one that 
the solid old conglomerates may not always tell us the whole 
truth. Thus on the Surrey Downs white soft bodies occur in 
late Tertiary gravels; these resemble chalk and can readily 
be used for writing on a blackboard. But they contain no 
appreciable quantity of calcium carbonate, and are in reality 
completely broken down flint pebbles, rendered opaque white, 
like the surfaces of flints in chalk, by the dissolving away of a 
large amount of silica. 

Limestone pebbles of considerable size may undergo solution 
in permeable gravels, leaving only light and porous clayey 
residues, which fall to pieces when pressed between the fingers. 

The examination of rock-fragments in these coarse accumula- 
tions, in the hope of obtaining fossils, requires patience, but is 
in the end a fruitful study. The flints so widely scattered in 
Britain contain abundant casts of Cretaceous fossils, thus 
proving their origin; and the Silurian forms in the Triassic 
pebble-beds of Budleigh Salterton have been the subject of 
memorable investigations. 

The nature of the cementing material of conglomerates is 
always of interest, and the production of hard rocks by the 
deposition of calcium carbonate, or by the oxidation of dissolved 
salts of iron, in recent gravels is well known to workers among 
our glacial or our beach deposits. Such rocks, following Mr. 
Lamplugh's suggestion,* may conveniently be called calcicrete 
and ferricrete respectively. 

•Oeol. Mag., 1902, p. 676. Mr. Lamplugh writea "calcrete**; Prof. 
Bonuey prefers calcicrete. 
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CHAPTER XIX 

IGNBOUB BOOKS. 

The study of the igneous rocks has become unfortunately so 
InTolved in the question of their nomenclature, that it is 
impossible to give an outline of the characters employed in their 
discrimination without a statement of the sense in which each 
particular name is used. All these names represent groups of 
rocks graduating into one another. When a rock is on the 
border-line between two groups, whether in structure or mineral 
constitution, we must be content to say so, without attempting to 
disguise natural facts by our classification. Petrography has of 
late suffered from the introduction of an abundance of new terms, 
and, what is far worse, of old terms defined in new senses ; but 
the majority of these can be avoided by the use of familiar adjec- 
tives or mineral prefixes, to the great lightening of the science.* 

All workers will agree that it is of advantage to use certain 
broad general names for the rock-types ordinarily met with. 
How far definition should go beyond this hand in hand with 
chemical analysis is a matter open to discussion. To the majority 
of geologists, the precise chemical composition of a rock, and 
especially of a rock-specimen, can never seem more than the result 
of local accidents. The tracing out of these accidents, in order 
to gain an idea of the history of the mass, is of course enormously 
facilitated by a series of analyses of well chosen material. Here 
the field-observer at once possesses his great advantage. He 
collects from all portions of the mass in question, notes its 
variation from point to point, observes any tendency to segrega- 
tion that may have occurred during cooling, and reconciles ap- 
pearances and structures that would have seemed contradictory in 
isolated specimens. (See Teall, Natwral Science^ vol. i., p. 297.) 

The following-out thus of an igneous rock in the field is a most 
important lesson, and will soon determine what is valuable and 
what is valueless in any proposed scheme of classification. Next 
to the variations in the mass itself, come its relations to its 
surroundings, and here the geological agents conspire again 
and again to baffle the observer. On sea-coasts the bare 
exposures occasionally equal in clearness the well-known text- 

* On the classification of igneous rocks, see A. Harker, Sd. Progress^ 
vol. iv, (1895-6), p. 469; Loewinsson- Leasing, *«Studien fiber die Eruptiv- 
gesteine," CompU rendu, Congris g4ol. intemat., St. Petersbonrg, 1897) pp. 
193-464 ; and, from the chemical point of view, Cross, Iddings, Rrsson, and 
Washington, QuantUative Olfi9»\/tccUi(m qf lyneoua Rocka, Chicago, 1903. 
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book diagrams ; but on grassy slopes, or the high taluses above 
them, the junctions of an igneous rook with other masses are 
exceedingly likely to be obscured. The difference of hardness 
and consistency that commonly exists tends, moreover, to produce 
fJEiulted junctions where igneous rocks abut on sedimentary; 
breccias of the latter or of both arise, and the intrusive veins or 
the products of oontact-metamorphism, which might have told so 
much, are disappointingly broken away and rendered useless. 
This perhaps makes the search among our older areas the more 
absorbing ; but unquestionably study should commence among 
Tertiary volcanoes, where denudation has exposed the various 
masses without destroying their continuity and connexions. 

Although the actual margin, the selvage, of an igneous rock is 
likely to be much decomposed, yet specimens should always be 
collected from it, since here lies often the only chance of obtain- 
ing glassy or partly glassy products. As we pass inwards, the 
more crystalline types of rock are met with. At the same time 
the specific gravity of our samples rises ; and that of the most 
crystalline type will give a fair notion of the silica-percentage of 
the mass. Here we must be on the look-out for the included 
foreign masses that often occur in crystalline rocks. If such 
patches are numerous, we must take them into account when 
discussing the composition of the igneous mass. It will be 
interesting to trace how far the igneous rock has become 
modified by the complete absorption of foreign matter as it 
moved forward. It is highly probable that the igneous rooks of 
the inner layers of the earth's crust are of simpler composition 
than those that we meet with in the outer layers, and that the 
latter owe many of their characters to repeated intermixture. 
Quartz-rock, orthoclase-rock, Ac., are admissible as simple types 
of igneous rock. Iron-nickel-rock, a still simpler type, is already 
familiar to us in meteorites. 

Igneous rocks may be broadly divided into holocrystalline on 
the one hand, and partly or wholly glassy types on the other. 
They cannot be classified according to their mode of occurrence, 
since a thin dyke, cooling quickly through the contact-rocks, may 
reproduce all the features of a glassy lava-flow; while the central 
parts of a thick mass of lava may become ultimately holo- 
crystalline. It may reasonably be concluded, however, that a 
coarsely crystalline specimen has come from some source originally 
deep-seated ; beyond this the appearance of hand-specimens may 
be deceptive, since even the sooriaceous structure, often insisted 
on as a character of lava-flows, is again and again found in 
intrusive sheets or dykes. 

Of course cases must occur where minute traces of glassv 
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tDaiter remain which can onlj be detected in thin sections ; on 
the other hand, the compact and lava-like groundmass of some 
rocks may prove to be completely crystalline under the micro- 
scope. By Cordier's method of the examination of a powdered 
rock under the microscope, the intimate structure of the ground- 
mass can often be better determined than in a thin section, the 
translucent and smaller fragments being of course selected. 

The further classification rests on a combination of mineral- 
ogical and chemical considerations. The comparison of analyses 
has been immensely aided by the work of the United States 
Geological Survey (see especially PrqfesHoncU Papers, No. 14, 
1903, and No. 28, 1904). 

The broad names here used are those that seem best founded ; 
and most of them possess a historic attraction in addition. The 
divisions I. and II. refer as before to megascopic and microscopic 
observations respectively. 

A. Holocrystalline Bocks. 
I. Granite and Eubite Group. 

These are the typical acid holocrystalline rocks, there being 
an excess of silica, which manifests itself as free quartz, though 
often on a microscopic scale. 

Granite. Structure — Granitic. Condtiiuents — 1, Quartz; 2, 
Orthoclase or Microcline; 3, Mica or Amphibole. Rarely 
Pyroxene. Commonly some Albite or Oligoclase. 

I. The clear glassy granules of the quartz, devoid of cleavage, 
are easily distinguished; muscovite may be present, though 
rarer than dark micas ; the dull edges of biotite crystals often 
resemble fibrous hornblende, but the lustre of the basal planes 
will easily serve to identify them. 

The prevalence of potash-felspar may be determined by the 
flame-test. The simple twinning of orthoclase Will often be fully 
apparent on particular surfaces of the rock, and not on others, 
owing to the position adopted by the large and somewhat tabular 
crystals, which lie with their dinopinaooids in planes fairly 
parallel to one another. Oligoclase may always be expected, and 
the potash-felspar may contain much soda. 

Specific Qrawby. — Bather above 2*65. 

TypiocU Analyaes. — A. Doocharry Bridge, Co. Donegal. Hanghton, 
Trans, S. L Acad., vol. udv. (1871), p. 220. 

B. Gready, ComwaU. Light and dark Mioas. J. A. Phillipe, Quart, 
Joum, Gtci, 8oe,, voL zzzvi. (1880), p. 8. 

C. Syene, Egypt. With OUgoolaBO, dark Mica, and some Hornblende. 
Scheerer, 1866, quoted in Roth's Beitrdge zur Fetrographie, 1869, p. xlvi. 
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IL While the general appearance of the constituents under 

the microscope is irregular and 
allotriomorphic, the felspars 
often preserve their prismatic 
forms, and the mica and horn- 
blende show still better traces 
of bounding planes. The 
quartz is, however, granular, 
and commonly abounds in 
liquid enclosures. The ground 
may be composed of micropeg- 
matitic quartz and felspar. 

Two or three sections may 
be required to determine the 
relative proportions of potash- 
felspar and soda-lime varieties. 
A large series of rocks known 
familiarly as granites must be 
passed over to the quartz- 
diorites, having, indeed, but little potash in their composition, 
together with a deficiency in silica. Where muscovite is present, 
orthoclase may naturally be expected to be predominant. 

Magnetite is not conspicuous. Zircon and apatite are common, 
as minerals of early development in the rock; the minute prisms 
of zircon are best seen where included in the micas. Sphene and 
garnet are frequent accessories. By alteration, tourmaline and 
topaz come in, the former replacing various silicates, and the latter 
representing in particular the felspars. Fluor-spar and secondary 
quartz, often with good outlines, accompany these changes. 

Vcmeiies of Granite, — Granite with muoh plagioolasb, and 
with biotite or hornblende. This is the "Granitite" of G. Rose; 
Rosenbusch, however, uses *<granitite" for any biotite-granite. 
See analysis G. 
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Fig. 24. — Granite. Near Dublin. 
X 12. bt Dark Mica, with deep 
brown patcheB included. m, 
Mnscovite. Near the top of the 
field a hexagonal (basal) sec- 
tion ocouTs. 0, Orthoclase. g, 
Quartz. 
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Tourmalikb-GbakIte. — ^The smaller constituents become en- 
tirely replaced by tourmaline, blue or brown in section, and by 
secondary quartz, the porphyritic felspars often remaining only 
slightly attacked. The Oornish " Luxulyanite " is one variety 
of such altered granites, and quartz-schorl-rock is a final stage. 

Grbisek is a somewhat uncommon ally of granite, in which 
felspar is absent. Topaz, however, abounds in the typical rock 
from Zinnwald, Saxony, and probably represents altered alum- 
inous silicates. The other constituents are quartz and a pale 
mica, often a lithia-bearing species. 

Aplitb (Retz; more correctly Haplitb; Alaskite of Spurr, 
20th Ann, Rep. U,S. Survey ^ p. 189). — Practically composed of 
quartz and orthoclase only. Commonly pale in colour and fine- 
grained ; often micropegmatitic. Flakes of muscovite glimmer 
here and there. Occurs often as veins in granite, and even forms 
considerable rock-masses. The silica rises to at least 76 per cent. 

Graphic Granite (Pegmatite of Haiiy *).— The later and er- 
roneous extension of HaUy's term to any coarse niuscovite-granite 
occurring in veins necessitates a return to the descriptive name 
"graphic granite." I. The 
rock is commonly a coarse 
aplite, mica occurring here 
and there in nests and bun- 
ches, being excluded from 
the parts that exhibit the 
typical structure. To the 
eye the continuous cleav- 
ages of the fels[)ar are easily 
apparent, the quartz being 
apparently in detached 
fragments resembling east- 
ern characters, embedded 
in the more opaque fel- 
spar (r^^^ara). Sometimes 
hand-specimens of the rock 
cleave as if composed mere- 
ly of coarsely developed fel- 
spar. The lens often shows 
a microcline structure. 

n. The felspar is usually 
microcline, showing the 
croBS-twinning (fig. 26, a); 
the section should be 
thinly ground. The quartz 

• TraiU de MinircUogie, 2nde 6dit., tome iv., p. 4.36. 
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Fig. 25.— a, Graphio Granite. Vein in 
Stanner Rock, Herefordshire, x 8. 
Nkols crossed. Clear quartz ; mioro- 
cline with characteristic twinning. 
h, Mioropeffmatitio intergrowth of 
quartz and telspar, in Earite. Stanner 
Kock, Herefordshire, x 160. NicoU 
crossed. The felspar is in a position 
of eztinotioD. Other micropegma- 
titic areas and felspar crystals lie 
aromid. 
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between crossed nicols appears optically continuous over con- 
siderable areas, being in fact intergrown in large crystals with 
the felspar. The hook-like forms of the quartz come out 
distinctly if the surrounding felspar is placed in a position of 
extinction. 

Obbioulab Oranite. — ^A rare form, in which the minerals 
are grouped into bold crystalline spheroidal aggregates, usually 
coated outwardly with dark mica.* The relations of the spher- 
oidal part to the mass of the granite, and any hcta bearing on 
the origin of the structure, should be carefully noted in the 
field. 

Enrite. — ^This name, given by d'Aubuisson t in 1819, seems to 
cover admirably by its original definition ihe fine-grained and 
compact forms of granite, known commonly in England as 
'* Quartz-Felsite '^ and on the Continent as '* Microgranulite," 
" Quartz-Porphyry," &c The old " petrosilex " and most of tihe 
"compact felspars" and "homstones" must come under eurite; 
also the Cornish "elvans'' or '< elvanites." "Felsite* is so 
loosely defined by its originator, and is so differently used by 
different writers, that its reputation as a rock-name is lost. 

It must be remembered that the '< quartz-porphyries " of the 
Continent are in large part altered rhyolites; those divisions 
described by Rosenbusch as " microgranites" and " granophyres " 
correspond, however, to eurite. 

Structure, — Essentially compact in appearance, and micro- 
granitic with the lens. Commonly with porphyritic orthoclase 
and quartz. GanstUtierUs — like granite. 

I. Colour pale as a rule, but occasionally deep grey or red- 
brown. Commonly yellowish or pinkish-brown, or pale grey. 
The knife scratches fresh specimens with difficulty, and the most 
compact varieties resemble flint The joints are clean, and the 
surfaces often have hard white decomposition-crusts. Without 
the microscope it is impossible to separate hand-specimens of 
true eurites mm acid lavas that have become holocrystalline by 
secondary devitrification. 

The porphyritic quartz that is so often seen is a good guide as 
to the highly siliceous character of the rock. It sometimes 
occurs in well-bounded double pyramids with a short prism, as 
in the rock of Auersberg in the Harz. Tourmaline appears 
sometimes in radial nests as a secondary product 

* For an aooonnt of one of these rooks see F. H. Hatch, " On the spheroid- 
bearing granite of Mnllaghderg," Quart Joum. €ftol. Soc, voL xliv. (1888), 
P.54& 

t Trait4 de Geognosie, tome IL, p. 117. 
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Specifie Gravity. — About 2*65. 

Typical Analyses, — Theoretically, every granite should have 
its corresponding eurite. The proportion of soda often links 
these rocks with the quartz^iphanites. 



A. Fine-mined "Elyao," Mellanear, ComwalL J. A. FhilHps, QuarL 
Joum. OeoL 8oc,, yoL zxzi. (1875), p. 335. Mioa. 

B. QoartE-porphyry, Triberg, Baden. G. H. Williams, Neuu Jahrb. 
for Min. <6c., Beilage Bd. iL (1883), p. 609. 

C. Soda-Eorite. Llyn-y-Qader, Cader Idris. Holland, Quart, Joum. 
Oeoj. iSoc.,1889,p. 435. 
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n. The groundmass is microgranitic and often micropeg- 
matitio. The quartz and felspar are not unfrequently group^ 
in micropegmatitic intergrowths of spherulitic form around the 
porphyritic crystals (•* granophyre " of Rosen bnsch) — ^g, 25, b. 
All stages appear to exist between these aggregations and 
sphernlites with rays composed of crystalline fibres. Some 
types of altered spherulites in devitrified lavas are, again, in- 
distinguishable from these holocrystalline aggregates in the 
oompacter eurites; but, as a rule, the structures are distinct. 
Careful observation will show that where such an aggregate- 
growth occurs round a quartz crystal, the quartz of the 
micropegmatite is in optical continuity with that of the 
crystiJ. 

The porphyritic crystals, even of quartz, are often well 
bounded, though sometimes cracked and broken by movement^ 
or corroded by the molten ground. A fluidal structure is 
occasionally set up. 

The ferro-magnesian constituent is commonly biotite, often 
giving wisp-like yellowish sections. Muscovite occurs in many 
Cornish "elvans," and forms at times little fan-like bunches; 
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but neither mineral is prominent, and the rock has a marked 
aplitic tendency. 

Varieties of Euriie. — Eubite bioh in Soda (Boda-Eubitb). 
This includes very many of the micropegmatitic types above 
referred to ; many of the porphyritic felspars are albite or oligo- 
cla^e, and the rock is linked thus with the quartz-aphanites. 
Kosenbusch's "Quartz-Keratophyres" come here. See analysis C. 

II. Syenite and Oompaot Syenite Gboup. 

The complete or almost complete absence of free quartz, and 
the predominanoo of orthoclase, are the distinctive characters of 
this group. 

Syenite ( Werner). — Structwre — Granitic. Constituents — 1 , 
Oithoclase, or other potash felspar; 2, Amphibole, Pyroxene 
(usually segirine), or Mica. Commonly some quartz ; also albite 
or oligoclase. 

I. This rock is rare as compared with granite and quartz- 
diorite, and it must often be a matter of opinion as to how mu( h 
quartz is permissible in a true syenite. With the older writers 
the term was synonymous with hornblende-granite. 

The Mica-Syenites (or " Minettes ") contain biotite, often in 
abundance, and the dark lustrous plates conceal the felspar in 
the fine-grained varieties, so that the flame-test or the microscope 
must be brought to bear to distinguish the rock from micardiorite. 

Sphene may often be recognised, occurring as small hard 
yellow crystals. 

Specific Gravity. — About 2*75 or somewhat higher. 

Typical Analyses, — ^A* Hornblende-Syenite. Plauenscher Grand, Dres- 
den. Zirkel, Poggend. Annaleriy 1864, p. 622. Typical rock of Werner. 

B. Hornblende - Syenite. Follmersdorf, Silesia. H. Traube, Neuea 
Jatirb., 1890, Bd. i., p. 212. Specific gravity, 2*86. 

C. Elffiolite-Syenite. Litchfield, Maine. BulL U.S. Geol. Surv.y Na 
148, p. 65. With mica and sodalite. 
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n. Similar to granite, but the quartz must be insigniflcant or 
absent. In some cases traces of pyroxene remain, the hornblende 

having arisen by 
paramorphic change; 
these residual crystals 
appear as pale and 
usually greenish areas 
surrounded by irregu- 
lar zones of horn- 
blende. Rocks con- 
sisting entirely of 
augite and orthoclase, 
though certainly rare, 
must be classed as 
Augite-Syenite, and 
such masses probably 
underlie many tra- 
chytic Yolcanic areas, 
being altered into 
ordinary homblendic 
types by the time that 
they are exposed by 
earth -movement and 
denudation. 

Zircon and sphene 
are particularly com- 
mon in syenites. 
Varieties of Syenite, — Nepheline-Bybnite (Elaolitb-Syenitb). 
I. The nepheline, in the coarse elseolite form, resembles 
brownish or greenish quartz, but may be distinguished by the 
knif<\ The varieties with hornblende have been called " Foyaite" 
from Foya in Algarve, and those with mica *^ Miascite " from 
Miask in the XJi^ds; but the well-known examples from the 
Bamle area are rich in soda-pyroxene. Zircon is common, and 
lorms large yellow crystals in the coarse biotite-nepheline-syenite 
of Miask. Blue sodalite occurs in a Transylvanian variety 
(" Ditroite "), and in a similar rock in the Ice River Valley, 
Canadian Hocby Mountains. 

A type allied to these rocks, but of distinctly basic character, 
has been described by Prof. Lawson as ^^Malignite" (Bull, Geol,^ 
Univ, of California^ vol. L, p. 337); it consists of nepheline, 
soda-pyroxene, and apatite, with orthoclase enclosing them 
ophitically. Lawson regards this rock as the plutonic repre- 



Fig. 26.— Syenite. PUnensoher Grund, Dres- 
den. X 8. A, Green hornblende, o, Orthoclase, 
fairly prismatic in habit, g, Accessory inter- 
stitial quartz. «p, Sphene, marked ont by its 
liigh rerractive index and lozenge - shaped 
sections. 
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sentative of the lenoitites of Yesnyiiis; in both the silica itf 
about 48 per cent. 

n. Some practice, and the observation of the uniaxial 
figure with convergent light, is needed to detect the irregu- 
lar grains of nepheline (ekoolite) in these granitic rocks. 
The felspars often show a microdine structure, and are 
sodic types. Soda -lime felspars are common. The ferro- 
magnesian silicates are interesting, being, in addition to 
biotite, forms of soda-amphibole and soda-pyroxene, the former 
being rich dark-brown or green and highly pleochroic, ap- 
proaching arfvedsonite, while the latter, distinguished by 
its cleavages, approaches SBgirine, and is green and less pleo- 
chroic. 

Compact Syenite. — ^We may use this name for the fine-grained 
types corresponding to eurite, in the absence of any well-defined 
term. The " Orthophyre " of Ooquand* comes partly here, partly 
with eurite ; also many " felsites." '< Orthodase-porphyry " has 
been used for porphyritic forms. 

Structiwre, — Microgranitic or microcrystalline. Sometimes 
with porphyritic orthoclasa ConsUhienU — Like syenite. 

I. These rocks are difficult to distinguish from eurite with the 
eye, though more yielding to the knife. Oolour commonly 
reddish or pinkish in the varieties rich in felspar. Many '* Mica- 
traps '' come here, which are dark with lustrous mica ; these are 
the compacter " Minettes," and they pass into a group too poor 
in silica to be included under Syenite. This outlying group, 
with many of Bosenbusch's "Vogesites" (see below), comes 
under the ** Lamprophyres " of that author. 

Specific Orcmty, — 2*7, but higher in the varieties rich in biotite, 
and approaching 2*8. 

n. Quartz must be carefully sought for and found practically 
wanting. The alteration of the felspars in many examples, such 
as the compact mica-syenites, makes even microscopic deter- 
mination difficult; but the flame test will give an idea of the 
amount of potash present. 

The absence of free silica prevents the development of micro- 
pegmatitic and the so-called " granophyrio " structures, such as 
are common in the eurites. 

The porphyritic orthoclase crystals, which are characteristic, 
often preserve their outlines well. 

Varieties of Campaet Syenite, — Rosenbusch terms the varieties 
rich in soda " Keratophyre." Those with hornblende or pyroxene 
* TraUi dt» Roeha^ 1857, p. 65. 
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form his "Vogesite." Varieties with a felspathoid, intermedi- 
ate between felspathoid-syenite and phonolite, have been styled 
"Tinguaite." The nepheline in a red rock from the Val Fiemme 
near Predazzo is porphyritic, and, though altered, shows its 
characteristic outlines. 



III. QUARTZ-DZOBITB AKD QuARTZ-ApHANITS ObOUP. 

In this group of very common rocks, usually styled simply 
**diorites/' there is free silica in the form of quartz; but 
the fact that the felspar is oligoclase or even labradorite 
keeps the total silica-percentage below that of the granites. 
They come thus at the head of Prof. Judd's ItUermediaU 
Igneous Hocks. 

Quartz-Dioiite. — 8t/ruetwre — Granitic ConsHtumta — 1, Quartz; 
2, Plagioclase ; 3, Amphibole, Pyroxene, or Mica. 

L An immense number of the ^' granites " of commerce come 
under this head. The striation of the plagioclase and the 
absence of the twinning of orthoclase are noticeable with the 
lens. Otherwise these rocks resemble granite. The colour is 
generally grey, but red felspars may occur. The remarks made 
on the mica-syenites apply equally to the fine-grained Mica- 
Diorites, which mostly contain quartz. Dark-coloured quartz- 
micardiorites frt>m the neighbourhood of Brest have been named 
'^ Kersanton," after a village so-called, and Delesse employed 
'< Kersantite " for varieties with amphibole or pyroxene in 
addition to mica, the types occurring in the Yosges. 

<<Tonalite'' (vom Bath, after Monte Ton^e in Western 
Tyrol) is a quartz-biotite-diorite in which the minerals are well 
developed, Uie white felspar contrasting boldly with the dark 
bronze-coloured mica. 

There is no doubt that masses of quartz-diorite arise as 
products of admixture where granite intrudes into more basic 
masses. Any pyroxene in the latter is then liable to recrystal- 
lise in the new joint rock as hornblende. 

Specific GravUf/. — ^Approaching 2*85 or even 2'9. 

Typical Analyses. — The silica-percentage has been commented 
on above, these rocks falling short of the typical ** acid " group. 

A. "Tonalite," Adamello Ranse, Tyrol Vom Rath, ZeUsch. d. detOsch. 
Oeol, CfeseU., 1864, p. 267. Much Quartz. Both Hornblende and Biotite. 

B. Quartz-Pyroxene-Diorite, Vildarthal, Tyrol. Teller & von John, 
Jahrb. d, CM. EeichsanstaU, 1882, p. 589. Enstatite and Augite. 

15 
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n. The mioroscopio features of granite recur here, with 
plagioclase (commoDly oligoclase) in place of orthoclase. The 
greater number of so-called " hornblende-granites " must be 
placed as quartz-hornblende-diorite when viewed in section. 
Where the hornblende can be shown to have arisen from 
pyroxene, the rocks are sometimes classed as '' Epidiorite," and 
in these cases the quartz is very likely of secondary origin. The 
fibrous irregular nature of the secondary amphibole will often 
distinguish epidiorite from true quartz-diorite. 

The typical " epidiorites '* show a schistose structure in 
section; tne felspar is granular; the hornblende is sometimes 
fibrous and actinolitic, sometimes also granular. Residual 
pyroxene of paler colour may occur. 

Though pale augite may be expected in quart:»liorite, in 
marked contrast to the richly coloured amphiboles and micas, 
yet rhombic pyroxene is rare. 

Sphene and apatite are common ; and magnetite and titanic 
iron assume importance as the proportion of silica diminishes. 

Qoartz-Aphamte. — ^This series includes almost all the compact 
homblende-diorites or Aphanites of Haiiy. See Aphanite. 

Structure. — Microgranitic or microcrystalline, the felspars 
being occasionally rod-shaped and the structure approaching 
that of dolerite. ConsUtiLeTUa — like quartz-diorite. 

I. The quartz may be barely visible, though widely dissemin- 
ated. Dark green fibrous hornblende, or abundant flakes of 
mica, may render the rock almost black, and in the hand it may 
with fiedmess be mistaken for dolerite. Many quartz-aphanites 
are, indeed, altered dolerites, and would be styled by various 
authors <* fine-grained epidiorites '^ or *' quartz-homblende-dia- 
bases." The micaceous varieties include many fine-grained 
** kersantites." 

Specific Orcmty, — ^About 2-86. 

II. Plagioclase and quartz, the important distinguishing 
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minerals, must be looked for. They may be fonnd in mioro- 
pegmatitic intergrowths, sometimes globular, as in the eurites. 
Some of the rocks styled '*granophyre" must come over to this 
diyision. In the more basic types pyroxene is common. 

It is impossible to make any microscopic distinction between 
the qnartz-aphanites and many "fine-grained quartz-diabases." 
The quartz in the latter, howeyer, is sometimes clearly secondary, 
occurring in strings and veinules. 

TV. DiOBiTB AOT) Aphakitb Oboup. 

The supposed importance of distinguishing rocks containing 
amphibole from those containing pyroxene led to a double 
nomenclature in this group; but the corresponding lavas, the 
andesites, were for the most part investigated at a later period, 
and were arranged under one common name. The pyroxenic 
''gabbros" and **dolerites" pass, again and again, into amphibolic 
"diorites'' and "apbanites" by paramorphic changes, and these 
types cannot be legitimately divided. The limits of the group, 
however, must, as in other cases, be chemical rather than purely 
mineralogical, and many *' hornblende-gabbros " without olivine 
may have only 45 per cent, of silica, and are more basic than 
some members of the " olivine-gabbro " group (see Brogger, 
Oesteme der Ororudit^Serie, 1894, p. 93). 

Diorite {Haiiyy* quoted by d'Aubuisson in 1819, from d/o^/^w, 
"I distinguish," indicating the distinctness of the typical minerals, 
hornblende and felspar), Gabbro in part. Structure — Granitic to 
ophitic. Constituente — 1. Plagioclase (commonly Oligoclase or 
lAbradorite) ; 2, Amphibole, Pyroxene, or Mica. 

I. Quartz must be practically absent. Hornblende and biotite 
will commonly be found side by side; some quartzless '*ker- 
santites " come here. The Gabbros (Pyroxene-Diorites) contain 
augite or diallage, and sometimes enstatite (" Norites "), these 
minerals often enclosing the prismatic felspars ophitically. The 
rock called "Gabbro* {von Buck) or "Euphotide" (Haiiy) con- 
sists typically of diallage and plagioclase, and may be regarded 
as falling in this group when it contains 50 per cent, of silica or 
more. The olivine which usually marks the basic varieties is 
often difficult to recognise in the field. 

The lime-soda felspars of the pyroxene-diorites (gabbros) easily 
become opaque and dull, passing into the saussuritic condition. 
Amphibole developes in the diallage, which often becomes green, 
as in the ornamental stone, " verde di Corsica," and in a 

* Trait4 de Min,, 2. ^. (1822), tome iv., p. 640. The rock was disUn- 
guished from syenite by Haiiy only by its smaller proportion of ** felspar." 
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similar gabbro near Saas. Besides passing into diallage, the 
augite sometimes developes the three series of sohiller-planes 
that produce the dark lustrous << pseudo-hypersthene '' variety. 
This was naturally often described as hypersthene by the older 
writers, so that the rocks called ** Hy persthenite " must now be 
accepted with the utmost caution and submitted to microscopic 
tests. A pyroxene-diorite passing into the '* epidiorite " state 
commonly shows patches of grey-green silky matter, due to the 
actinolitic amphibole. 
Specific Gravity. — From about 2*85 to 3*0. 

Typical AnoUysee, — A. Homblende-Biotite-Diorite. Unalaaka Island, 
Alaska. HiUebrand, Btdl. U.S. Oeol. 8urv., No. 168 (1900), p. 226. 

B. Homblende-Augite-Diorite. Near Liohnadampf, Sutherland. Teall, 
British Petrography, p. 265. 

C. Gabbro. White Face Monntain. New York. Steiger, BvU. U.S. 
Oeol, Surv., No. 168 (1900), p. 36. Labradorite, augite, hornblende. 
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II. Many hornblende- and mica-diorites, when submitted to the 
microscope, have to be handed over to the quartz-diorite group. 
The conditions that produce hornblende and quartz are to some 
extent similar, since neither mineral results experimentally 
from mere dry fusion. On the other hand, the pyroxene-diorites 
are found free from quartz, and give rise to true diorites by 
paramorphic change. 

In the Pyroxene-Diorites (Gabbros) the plagioclase is oligo- 
clase or labradorite, frequently the latter. The saussuritic 
products within the felspars occasionally make the sections dull 
and nearly opaque. The passage from augite to diallage may 
be noted, and amphibole appears on the edges of the altering 
pyroxenes, or sporadically within them. A good deal of chlorite 
occurs between the constituents ; this arises from the alteration 
of the ferro-magnesian minerals. 



Digitized by VjOOQIC 



kOLOOBYStALLtNK IGHBOUS B0CK8. 



Magnetite and titanic iron ore are prominently seen. Epidote 
is a common alteration-product in the diorites, owing to the large 
proportion of lime present (compare fig. 29). 

Among the pyroxene-diorites the ophitic structure is common. 
The felspar is well bounded and lies at random in the field, and 
the pyroxene has settled down round it, filling up the interstices, 
and forming crystals of considerable size. Thus the pyroxene 
areas will be found between crossed nicols to be optically con- 
tinuous over a large portion of the section, and the consistent 
direction of their cleavages will point to tiie same conclusion. 
Though often called "ophitic plates," it must be remembered 
that such developments of pyroxene occur in three dimensions 
and are not limited by the thickness of the slide. 

VarieUea o/Diarite. — Nbphblikb-Dioritb (Eljbolitb-Dioritb; 
" Theralite" of Rosenbusch). A rare rock corresponding to the 




Fig. 27. — Altered Pyroxene-Mica-Dior- 
ite. Stanner Iu>ok, Herefordshire. 
X 12. ap, Hexagonal and other 
sections of apatite included in the 
other minerals, b, Biotite. h. 
Green fibrous hornblende, occasion- 
allv in well marked crystals, de- 
▼eloping at the expense of angite. 
ma, Magnetite, p, Plagiodase 
much altered. In the centre of 
the field is a pale crystal of original 
angite, with reotansular cleavi^- 
cracks. Homblenae is developmg 
in this by paramorphic change. 

nepheline-syenites ; the deep-seated representative of the'nephe- 
line-andesites or *' tephrites." 

Oranulab Diobite. — ^A number of "epidiorites* are granular, 



Pig. 28. — Granular Pyroxene- 
Diorite. Near Huntly, Aber- 
deen. X 35. &, Biotite. g, 
Garnet, noticeable by its hi^h 
refractive index, p, Plagio- 
dase in irregular grains of 
approximately equal size. r,p, 
Rhombio pyroxene (hyper- 
sthene). 
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as described under quartz-diorite ; the felspar in these forms a 
mosaic, and is often a product of recrystallisation. In addition, 
there are some remarkable pjroxene-diorites in which the min- 
erals are of granular form and unusually clear and fresh in 
sections. The minerals are, perhaps, all of secondary origin, 
when these rocks are associated, as they often are, with schists. 

The minerals are commonly plagioclase, green monoclinic py- 
roxene, hypersthene or amblystegite, magnetite, and often garnet. 
The last-named must be distinguished by its isotropism from the 
hypersthene, the pink colour being the same in many sections. 
These rocks are often aphanitic, and have very probably a com- 
posite origin. They are further discussed on p. 286. 

Aphanite (Haiiy,* 1822, from dfavi^cfMu, '< I disappear," indi- 
cating the indistinctness of the constituents in opposition to 
those of the coarse-grained diorites). Dolerite (Haiiyy t 1822, 
from do\fp6gy " deceitful ") in part 

This group includes many << Porphyrites," and the quartzless 
plagioclastic members of the " Lamprophyres " of Rosenbusch. 
Structure — Microgranitic and microcrystalline. At times ophitic 
(manydolerites^. ConstUtienU — Like diorite. 

I. Hornblenae fibres may be seen occasionally with the lens, 
as may the glancing surfaces of ophitic augite in the pyroxene- 
aphanites or dolerites. These pyroxenic rocks have rod-shaped 
felspars, and are typically dark -coloured and almost black. 
Hornblende-aphanites are often grey-green, with a slightly silky 
lustre. 

When altered, as they frequently are, the aphanites are easily 
scratched with the knife, and are quite distinct from the corre- 
sponding types in the more acid groups. '* Diabase " is a good 
field-term for altered greenish rocks allied to diorite, gabbro, 
aphanite, or dolerite. Hausmann X in 1842 defined it as a rock 
of any grain containing *' hypersthene " (t.0., lustrous augite), 
labradorite, and chlorite. The term has since been unduly 
limited. 

The ophitic types show a small nodular structure on weather- 
ing, due to the thick crystals of pyroxene coming into prominence 
and preserving the felspars included by them, while the inter- 
stitial material is more easily destroyed. 

In these altered types, calcite can often be detected with the 
eye, and fragments of the rock commonly effervesce in acid. 

• Traits de Min,, 2nde. ^t., t. iv., p. 543. Quoted, with "Diorite," 
by d'Aubuiflson in 1819 (OiognosU, p. 14^). 
t/6«a.,p. 673. 
X " Ueber die Bildung des Harzgebirges." G5ttingeiL 
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Spec^ Gravity.— About 2*85 to 2-95. 

Typical Analyses,— A. Dolerite without Olivine. " Whin-SilV* DurhanL 
Teall, Quart. Joum. Otol. Soc, vol. xl. (1884), p. 654. 

B. Fine-grained * * Diabase " (altered and chlontic Dolerite). Near Wieda, 
Harz. Schilling, Die Orilnsuin-genannte Oeateine des Sudharzes, 1869, p. 26. 

C. Homblende-Mica-Aphanite (altered). Gill Bank, near Staveley. 
Houghton, Quart, Jowm, Oeol, Soe,, 1879, p. 170. 
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II. The plagioclases, usually labradorite or bytownite, are rod- 
shaped, and the hornblendes are commonly also in prismatic 
forms. The pyroxenes, however, 
form typically (as in the olivine- 
dolerites) areas of almost gran- 
ular crystals occupying the 
interstices of the felspar mesh, 
or ophitic crystals enclosing 
the felspars (compare fig. 39). 
Magnetite is prominent The 
porphyritio crystals are more 
commonly plagioclase than a 
ferro - magnesian constituent. 
Ghloritic decomposition - pro - 
ducts, epidote, and calcite are 
common in altered varieties. 

Varieties of Aphanite. — Ne- 
PHELiNE-APHANiTBsand Nephe- 
line-Dolerites occur. The rock 
of the Lobauer Berg in Saxony, 
with nepheline, plagioclase, 
augite, abundant apatite, and 
magnetite, is a good example. 




Fig. 29.— Altered Dolerite (Dia- 
base). Mynydd-y-Gader, Cader 
IdriB, K. Wales. x 24. a, 
Characteristic paJe-brown aug- 
ite. «, Almost colourless epi- 
dote, associated with pale chto- 
ritic areas, in which it crys- 
tallises oat, giving elonsated 
sections, jp, Irismatic plagio- 
daae. ^ Titanic iron ore. 
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Gbavulab Aphakitb. — Many granular diorites are of suffi- 
oientlj fine grain to be classed as aphanites. 

SUPPLBMSNT. 

Bocks occur, allied to Diorite and Aphanite, but with a 
felspathoid in place of the felspar. To these the somewhat 
loosely employed terms Nephelhiite, Leudtite, and Noseanite 
have become restricted. One of the best known types is the 
Nephelinite of Katzenbuckel in the Odenwald, composed of 
nepheline, a good deal of smaller nosean, augite, some biotite, much 
apatite, and magnetite. Some '' Tinguaites " fall here (p. 225). 

Kosenbusch, again, has placed in his " Lamprophyre " group 
an interesting series of fine-grained rocks, named by him 
Gamptonite, and characterised by some 40 per cent, of silica and 
5 per cent, of alkalies. In the field, most of these would be 
collected as aphanites ; yet they are clearly an outlying and far 
more basic group. For a well investigated British series, see 
Flett, "Trap-dykes of the Orkneys,*' Trans. Roy. Soc. Edin., 
vol. xzziz. (1900>, p. 874. Many fine-grained " kersantites " 
and " mica-traps '' must be referred to the same outlying group 
of ultrabasic rocks without olivine. 

V. Olivine-Gabbro and Olivine-Dolbbite Group. 

These are the typical basic holoorystalline rocks. 

Olivine-Gabbro. — The gabbros without olivine are treated 
under diorite ; but in chemical composition some diorites over- 
lap into this basic group ^e p. 227V 

Structfwre — Granitic; often ophitic. ConstitnieniB — 1, Flagio- 
olase (commonly labradorite; sometimes anorthite); 2, Fyroxene, 
rarely Amphibole or Mica; 3, Olivine. Magnetite or Titanic 
iron ore is always present. 

I. The difference between gabbro and olivine-gabbro is not 
always clear in hand-specimens, since the olivine decomposes 
readUy to dark patches, in which magnetite is largely developed. 
The typical pyroxene is brown-black augite, or the schillerised 
form, diallage. Bhombic pyroxenes are determined micro- 
scopically. The felspar is usually grey to blue-grey, and is often 
saussuritised, losing its vitreous lustre altogether. Mica is 
rarely seen; but hornblende may replace by paramorphism 
much of the original pyroxene. The olivine, when fresh, ap- 
pears in hard yellow-green glassy grains, contrasted with the 
darker and less transparent p^rroxene. If the latter is diopside, 
it may be difficult to distinguish it from the olivine; its mor» 
marked cleavage-surfaces should be noted. 
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py 

Fig. 30.— ^livine-Qabbro. Near 

Honilyy AberdeeD. x *!. d^ Fig. 31.— Gabbro rich in Olivine 
Diallage, with nnmerouB in- (Trooiolite). Ck>verack, Com- 
clnsionB developed by echiller- wall, x 12. a, Irregolar and 
iaation. On its margine it ia very subordinate augite. d, 
passing by further ehanse into Olivine, altered, with develop- 
brown strongly pleochroM horn- ment of serpentine and mag- 
blende, as indicated by the netite along the cracks. The 
darker bands, ol, Olivine with surronndinff felspars have be- 
fibrons marginal zone at contact come full ofrif ts which radiate 
with the fcSspars (development from the decomposing olivines 
of actinolitio and other amphi- £, Plagioclase (anorthite). py, 
boles; <*dynamo-metainorphio'* Thin zones of pale brown py* 
zone of Rosenbnsch). p, Large roxene occasionally occarnng 
crystals of plagioclase. on the margin of the olivine. 

Ophitio structure on a ooarse scale is probably as common as 
the granitia Weathering gives a brown rough surface, on 
which the pyroxene stands out. 

Specific OravUy. — ^About 2*9 to 3*0. As low as 2*8 when 
much altered. 

Typical AncUy9t»,—K. Olivine-Gabbro. Cnillin Hills, Skye. Pollard, in 
Barker, "Imeous Rocks of Skye,"(7eo/. Surv. United Kingdom, 1904, p. 103. 
B, Anortnite-Gabbro, very rich in olivine, with bronzite and diallage. 
The Abtthal, Transylvania. Tsohermak, Porphyrgegteine Otterreichs, 1869» 
p. 227. AnaL by Barber. Placed with "Picrite" by Tsohermak llhid., 
p. 280). See p. 236 of this book. 

A. B. 

SiO, 46-39 42-77 

AljOi 26-34 7-48 

Fe,0, 2-02 334 

PeO 3-16 4-79 

GaO 15-29 6*50 

MgO 4*82 30-11 

K4O 0-20 0-10 

Ka,0 1-63 0-50 

HfO and loss on ignition . . 0*58 8*28 

TiO. 0-26 

MnO 0-14 ^.^ 

15S^ igiizedby^Ogle 
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IL The remarks made on the pyroxene-diorites apply equally 
to these rocks; but olivine must here be especially look^ for. 
It will appear as grains of irregular form, occasionally embedded 
ophitically in pyroxene, and traversed by the characteristic 
cracks with traces of green decomposition-products. As alter- 
ation advances, the olivine area is converted into green ser- 
pentine, and it often becomes a question whether this material 
has arisen from olivine or from rhombic pyroxene. When the 
olivine is fairly ferriferous, the portion of ferrous oxide rejected 
during the conversion into serpentine separates out along the 
cracks as magnetite, and gives a characteristic appearance to 
the area. Very commonly, colourless patches of olivine remain 
in the serpentine, extinguishing together between crossed 
nicols and thus showing the extent of the original crystal 
(fiff. 31, and frontispiece, iig. 1 ; also p. xiii.) 

When felspar surrounds the olivine, it is often split by the 
expansion of the latter mineral during hydration, the radial 
cracks set up being filled with serpentine. 

Varieties of Olivine GeMro. — With seoondart zones (fig. 30). 
These are very marked around the olivines. The structure 
appears to arise by interaction of the minerals when subjected 
to earth-pressures (as in the " Flaser-gabbros " of Saxony). The 
constituents become divided from one another by zones of 
actinolite, rhombic pyroxene or rhombic amphibole, garnet, and 
other minerals; these zones require the microscope for their 
correct appreciation. 

Gabbbo bich in Olivine (fig. 31). — The " Porellenstein " of 
the Germans is a rock in which ^the dark altering olivine, set 
in white felspar, was supposed to resemble the markings on a 
trout. Little pyroxene occurs. The felspar is anorthite, and 
this anorthite-gabbro(with much olivine) was called "Troctolite"* 
by von Lasaulx. Microscopically, the felspars appear split by 
the expansion of the olivine during its passage into serpentine. 
Some authors, notins the small part played by the pyroxene, 
consider '< troctolite^ as composed of oHvine and felspar only. 
In chemical composition it is ultrabasic. 

OliTine-Dolerite. — Stmcture — Microgranitic and microcrystal- 
line. At times ophitic. The olivine is often porphyritic. Con- 
stituerUa — Like olivine-gabbro. 

I. The rock is typically dark, with a granular appearance. 

Closer inspection generaUy reveals prismatic felspar, obscured 

in the total effect by the glancing points of the pyroxene and 

olivine. Ophitic structure and, where felspar is not abundant, 

* MemeiUe der Petrographie, p. 310. From T^mtcrn^ a trout. 



Digiti 



ized by Google 



tiOLOOirtStALLlKE tGNEOtJS B00&& 285 

the " lustre-mottling " effect of olivine and pyroxene, are Tisible 
in parts of many masses. (See p. 236.) 

The knife nsaally leaves a white mark on the rook, owing to 
the tendency of the basic constituents to decompose. The joint- 
surfaces are brown with iron-rust, and weathering gives a 
rugged aspect like that of the gabbros. 

When much weathered, the olivine-dolerites become soft and 
greenish, and zeolites, calcite, and agates begin to accumulate 
in cracks and cavities. 

Specific Gravity . — About 2-9. Lowered by alteration. 

Typical AnalyBes.—A. Meiasner, Heese. Moesta, 1867; Quoted by 
Roth, BeUr&ge zur Petrog., 1869, p. cm. (on© of HaUy's typical DoleriteB). 
B. Kear Valmont, Colorado. Eakins, quoted by Clarke, BvU. U.S. 
Otd. 8urv., Na 168 (1900), p. 14a 

A. B. 

SiO. 54-89 48*25 

AI3O, 1009 16-73 

FejO, 7*07 8-99 

FeO 6-79 6-28 

CaO 8-89 8-82 

MgO 6-49 6-77 

KjO 217 4-08 

NajO 416 8-24 

H3O 0-67 1-72 

TiO, -89 

^P, 68 

Other ooDBtituente, ... ... -21 

99-62 100-16 

II. The plagioclases, labradorite to anorthite, are rod-shaped. 
The pyroxene occurs in the interstices of the felspar mesh in 
granular forms, with commonly some siffn of the eight-sided 
outline, or as ophitic crystals. The olivine lies scattered hap- 
hazard, two or three crystalline grains commonly being attached 
together. Porphyritic crystals of plagioclase.and pyroxene are 
frequent. The olivine, moreover, is also commonly porphyritic, 
not being diffused in small granules through the groundmass. 

By alteration, these rocks give rise to dubious forms that are 
most conveniently styled "Olivine-Diabasesj^and sometimes be- 
come " epidiorites." In these secondary hornblende and biotite 
may occur. Both these minerals are rare in the unaltered 
olivine-dolerites. 

Varieties of Olivine-Dolerite, — Nephbline-Olivinb-Dolebxte. 
The felspar may be largely replaced by nepheline, the crystals of 
which appear as pale yellowish vitreous grains or rectangular 
and hexagonal sections on the surface amid the dark pyroxene. 
These rocks are naturally richer in soda than the ordinary 



Digiti 



ized by Google 



236 iiOLOCRTSTALLIKiS iONBOUS UOOKA. 

type, and are holooryBtalline repreaentatiyes of the nepheline- 
baaalts. 

BUPPLEMBNT. 

When felspar is absent^ and its place is taken by a felspathoid, 
we have Olivine-Nephelinite, Olivine-Lencitite, <fec., a small group 
of rocks that does not require separate description. 



YI. Pbbidotitb Oboup. 

The Peridotites, as the term is now understood, are quite 
exceptional when compared with the rocks of the preening 
groups, being practically devoid of felspar and not rich in any 
aluminous mineraL They occur as segregated masses, or as 
veins, among ordinary basic rocks, the latter often shading into 
them just as granite may shade into the more highly silicated 
aplite. The " Picrites ** of Tschermak* are rocks rich in olivine, 
this mineral forming about 50 per cent, of the bulk ; but some 
contain much felspar, and they form links with olivine-gabbra 
The term cannot fairly be used in any but the general sense 
of its author. See analysis, p. 233. 

Peridotite. — ^A name used by Oordier for a basalt or dolerite 
rich in olivine. Now generally adopted, following Rosenbusch, 
for types without felspar. "Picrite" of many authors. Structure — 
Granitic; but very often the olivine is ophitically included in the 
pyroxene, amphibole, or mica, giving the '< lustre-mottling " 
effect ConatUuents — 1, Pyroxene, Amphibole, or Mica; 2, 
Olivine. Magnetite, titanic iron ore, chromite, and other spinel- 
loids are common. 

L The prevalent colour when fresh is a yellow olivine green, 
darkening with decomposition, and intermingled with black or 
lustrous bisilicates. In the "lustre-mottling" tvpes, the latter 
minerals give the impression of forming by far the greater bulk 
of the rock, owing to the glancing of their cleavage^surfiwses or 
schiller-planes ; the olivine appears set in the pyroxene, dec., as 
little dark green or black granules. A fiklse appearance of coarse 
crystalline forms is sometimes given to the rock by the meeting 
at various angles of these lustrous sur&oes belonging to different 
ophitic crystals. 

* SUxwngsher. d. Wiener Ahademie, Bd. xL, p. 113; and Die Porphyr* 
gesteine 'OeierrekhSj 1869, p. S244. 
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The homblende-mica-peridotite of Schriesheim in Baden 
is a good type of this stmoture. A beautiful example with 
bronze-coloured mica occurs near Loch Scye in Caithness 
("Scyelite"). 

Owing to the ready decomposition of olivine, the peridotites 
are best known in their altered forms, which constitute the great 
bulk of l^e rocks called Serpentine.* These are yellow-green, 
dark green, purple, or red masses, full of veins, which are often 
of a different colour to the ground ; thev commonly contain 
gleaming crystals of altered pyroxene (bastite, &c), though these 
are sometimes represented by dull yellowish pseudomorphs in 
which the cleavage-structures are preserved. The richness of the 
colour, often a fine purple-black, makes serpentine a striking 
rock in the field. Owing to its yielding character, schistose and 
brecdated forms are very common, and the rock breaks along 
soapy-looking slickensided surfaces. Some rocks called serpen- 
tine are seipentinous limestones, others schists with green 
decomposition-products ; and any examination of a seipentine in 
sUu should involve a close enquiry into its probable mode of 
origin. 

Traces of dull white saussuritic felspar remain in some 
serpentines, the original rock having been allied to the gabbros 
rich in olivine. In others, red or green garnets form a some- 
what striking accessory (serpentine of Zoblitz, <fec.). 

Specific Gravity. — 3*0 to about Z^Z. Somewhat lower in 
serpentine, but varying according to the amount of alteration 
of the constituents. 

Typical Analyaes.^A» Pyroxeno-Peridotite ("Lherzolite"). Cauflsou 
Pyrenees. Bnmet, quoted by Washington, Chem, Anal, Igneoua Boeka, 
Profess, paper 14, U. S. Survey, 1903, p. 367. 

B. Mica-Hornblende-Peridotite (**Soyelite"). Looh Scye, Caithness. 
Mill, Quart. Joum. Oeol, 8oc,, 1885, p. 402. J)e6oribed by Prof. Judd. 

C. Dunite, Dim Mountain, New Zealand. Von Hoohstetter, ZeiUchr d, 
deutach. gecl, Gfesell, 1864, p. 341. Some pyroxene ; ehromite removed, 

D. Serpentine, Lizard, ComwalL J. A. Phillips, PJiiL Mag,, voL xli. 
(1871), p. 101. 



• These are the "ophites" of antiquity; now that "serpentine" is U8e4 
for a mineral, they are properly "serpentine-rocks," 
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A. 


B. 


C. 


D. 


8iO, . . 


41*50 


4210 


42-80 


38-86 


6*93 


328 


... 


2-96 


o^ol . 


trace 




,,, 


0-08 


re,o, •. 


2*19 


8'-27 


... 


1-86 


FeO. . 


6-69 


213 


9-40 


6-04 


MnO 


traoe 


0-70 


... 


... 


NiO. 


••• 


... 


traoe 


0-28 


CaO. . . 


6*80 


3-77 




trace 


MffO . . 

A&aUes . 


36-90 


30-66 


47-'38 


34-61 


1-67 


1-90 


traoe 


110 


Loss on ignition 










orH^O . 


0*32 


7-78 


0-67 


16*62 



101-00 



]00-53 



100-16 



100-30 



n. The abundance of olivine^ unaltered or serpentinised, 
characterises the peridotites and serpentines in microscopic 
sections. Felspar is rare, but sometimes surrounds olivine 
granules here and there, as in the "troctolite^" The ferro- 
magnesian constituents ophiticallj surround the olivine, or are 
irregularly mingled with it. Brown-gi*een chrome-spinels, such 
as picotite, which are isotropic, are occasionally present. 

When the peridotite is fresh, there may be very little colour 
in the section, since the olivine, the enstatite, the diopside rich 
in chromium, <&c., may all appear very clear and pale. The 
high refractive index of all the typical constituents is a rather 
striking feature when one passes to these rocks frt>m ordinary 
quartzose and felspathic types. 

The cracks of the olivine will, however, commonly appear 
faintly green ; the pyroxenes can be picked out by their cleav- 
ages and extinctions; the spinelloids by their deep colours or 
opacity, and their isotropism when transparent 

The amphibole that sometimes occupies the place of the more 
common pyroxene is often also pale and almost colourless in 
section. A pale brown mica, with strong pleochroism, is an 
occasional constituent. 

The serpentines often contain traces of pyroxene or amphibole 
amid the general green areas of altered olivine. While these 
minerals have often become also green, and saturated, as it 
were, with serpentinous matter, it is questionable whether they 
contribute in a conspicuous degree to the formation of the 
mineral serpentine. Their remains, indeed, occur, both in the 
rock-mass and in sections, rather as breaks in the continuity of 
the typical soft serpentine-rock than as sources of origin of the 
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serpentine. (See in partionlar Miss 0. A. Baisin, on the 
B&uenthal Serpentine, QtuiH. Jaum, OeoL Soe,, voL liiL, 1897, 
p. 246.) 

The garnets of some serpentines are greatly altered, zones or 
oomplete pseadomorphs of fibrons structure being produced. 
Oalcite and dolomite may occur. 

The schistose seipentines should be studied in connexion 
with sections of the metamorphio rocks among which they occur. 
Their eruptive origin will probably be proved in a larger number 
of cases than is at present recogni^pd. 

The brecciated serpentines often resemble tuffs under the 
microscope, since lumps of the rock may lie amid completely 
pulverised and ground-up material ; but there is no scoriaceous 
structure in the particles, and field-examination will give 
evidence of the mode of formation of these fragmental varieties. 

The feu^t that serpentinous limestones, chloritic aggregates 
derived from altered pyroxene-rocks, and other sofb green masses, 
are sometimes described as serpentine must not be forgotten in 
judging of sections said to represent this rock. 

Varietiea of Feridotite, — Lherzolite would scarcely need to be 
mentioned separately here, but for the detailed study it has 
received and the antiquity of the name Tgiven by Delam^therie 
after the Lake of L'herz in the Ari^e). It is a fairly fresh 
granitic peridotite with diopside, enstatite, and chrome-spinel. 
Many varieties of peridotite based on the prevailing pyroxene 
have lately received distinct names; but a mineralogical ter- 
minology for such rocks, as above used, will probably commend 
itself to most observers. 

DuNiTB (von Hochstetter), or Olivinb-Rock, is an extreme 
form of peridotite, commonly shading into more normal types. 
It consists of olivine with more or less prominent spinelloids 
(chromite at the Dun Mountain, New Zealand). The colour 
is olivine -green, the structure granitic. Many pure serpentines 
doubtless arise from the alteration of olivine-rock or dunite. 
A good example of olivine-rock occurs at Kraubat in Styria ; 
and certain yellowish masses with chromite in the Shetlands 
are sei*pentine8 corresponding to the New Zealand dunite. See 
analysis C. 

iTo^e.— Compact PeridOtltes, oorreBpmdlnff to eurite, fto , are rare. 
The rook of Kraubat, mentioned above, is typioally a oompaot form. 
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B. Zaitholdal Bocks containing some Glassy Matter. 

This diyision includes those types of igneous rock that are not 
truly holocrystalline, although ihey may sometimes appear so to 
the eye. While they commonly occur as lava-flows, they may be 
found also as dykes, aud towards the edges of even more im- 
portant intrusive masse& There still remain rocks of a highly 
vitreous character, which are reserved for a separate division 0, 
since their correct determination is more dependent on chemical 
analyses than is the case in the present or preceding division. 



I. Bhtolite Oboup. 

These rocks correspond to the granites and eurites. 

Bhyolite (von Bichthofen, I860;* '<Liparite" of Both, 1861.t 
Prior to these dates classed as trachyte with free silica, and thus 
often known under the name of " Quarts-Trachyte"). Struc^wre — 
Compact lithoidal, sometimes showing spherulites. Occasional 
bands or patches of black glass. Often banded and fluidal. 
ConaiUfiienU — Those of granite may appear porphyritically. 
The felspar is orthoclase, often in the sanidine condition. Quarts 
may be present in grains. Ferro-magnesian minerals not con- 
spicuous. Lithoidal to glassy groundmass. 

I. The porphyritic crystals in these partly glassy lithoidal 
rocks are of use in determination according to their abundance. 
When scattered at wide intervals, their effect on the total com- 
position, the latter being the chief consideration, may be very 
small. Crystals of orthoolase, coupled with quartz, are, however, 
a fair guide, since the indeterminable groundmass will probably 
be yet richer iu silica than the aggregate of the poiphyritic 
constituents. The clear '' glassy " sanidine or anorthoclase 
will often show the characteristic simple twinning as the 
specimen catches the light when turned in the hand; the 
quartz is commonly granular, but sometimes has traces of 
pyramidal form. Inttle black specks frequently occur, which 
prove to be flakes of biotite or prisms of soda-augite, or, more 
rarely, hornblende. 

The groundmass is typically pale in colour, often being 
a red or brown-pink, or a yellow-brown ; ' sometimes white 

« Jdkrhwih der h. k GeoL JUiehianstdU, Bd. zL, pp. 156 Mid 166. 
t Die OtsielnManalysen, p. xzziv. 
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or greenish-white. The banded structure is often extremely 
perfect, as in rhjolites from Iceland, the rock splitting along 
parallel planes almost like a shale. In less regular types the 
bands, marked out by various shades of colour, are bent or 
contorted by the flow, and the porphvritic crystals play a part 
in distorting them which is comparable to that of the " eyes " 
in schists. 

The groundmass, when compact, is fidrly hard (>■ nearly 
6 when fresh), and the fractured surfaces tend to be conch- 
oidaL It gives a good potassium reaction in the flame. 
When attacked by volcanic vapours or atmospheric action, it 
becomes powdery and softer; opak are found sometimes in 
the cavities. 

A scoriaceous and commonly pink type from Hungary goes by 
the name of the " Millstone-Porphyry." 

The groundmass may become very glassy, approaching obsidian 
when still compact, or becoming white and pumicoous, with a 
delicate silky lustre and rough £eelf when expanded by abundant 
steam-vesicles. 

As already hinted, spherulitic structure may be recognised, 
particularly in the lithoidal bands. The spherulites are some- 
times greatly elongated by the flow of the mass in which they 
are developed. Lithophyse-structure and spherulites, the centres 
of which seem to have been eaten out by decomposing agents, 
may be looked for among rhyolitic lavas. In some cases, the 
spherulites seem to have grown, both outwards and inwards, 
from the suifaoes of steam-vesicles. 

The freshest series of rhyolites in the British Isles, ranging 
firom lithoidal types to perlitic obsidian, is undoubtedly to be 
found on Sandy Braes, north of Tardree in Co. Antrim. 

The older types of rhyolite have special interest in Great 
Britain, owing to their extensive development in Ordovician and 
earlier times. Secondary devitrification has removed all traces 
of glass, but the structures exactly parallel those occurring at 
the present day. Their general appearance is that of compact 
white or grey eurite ; but spherulites and lithophyses can often 
be well seen upon the joint-planes or other surfaces affected 
by weathering. In the hollows of the altered spherulites, 
and in the cracks of the rock, quartz is very freely developed. 
Many of these dull or flinty-looking lavas represent former 
obsidians. 

The *' Pyromerides " (Haiiy and MarUevro^* meaning ^'only in 

*/<mmal dei Mines, tome xzxv. (1814), p. 369. 

16 
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part fusible ") of the Oontinent are precisely similar to the old 
British coarsely sphemlitio rhyolites. Secondary quartz and 
chalcedony are abundant in them. The spherulites, as in our 
Wrekin area, have often become red, almost like jasper, but still 
show radial structure when broken open. In the Wrekin area 
the surrounding devitrified glass is dark green ; in the typical 
•* pyromeride " from Wuenheim in the Vosges it is yellowish 
white, resembling many <' elvans." 

Where the glass was formerly abundant in these ancient 
rhyolites, perlitic cracks of the most perfect kind may often be 
traced with the eye and lens on slightly weathered surfaces; 
these cracks may be marked out by secondary products darker 
than the devitrified groundmass. It is on their occurrence that 
geologists mainly rely for proof of the former vitreous character 
of the mass. 

These older rhyolites include very many of the ''quartz- 
porphyries'' of continental writers, and part of ''felsite," "fel- 
Btone," "petrosilex," and " halleflinta." 

Specific Oravity, — ^About 2*5. By secondary devitrification 
this rises to 2*65. 

Typical AncUyses,-^ A. Rhyolite, Hlinlk, Htmgaiy. Von Sommamga, 
Jahrbuch d, k. k. ged, Reicha., Vienna, I860, p. 464. " Like homstone." 

B. Ldthoidal Bhyolite, Tardree, Go. Antnm. Player, quoted by Teall, 
Brit, Petrogr,, p. 348. With tridymite. 

G. Perlitio Rhyolite altered by secondar^r devitrificatioxL EarW Cam- 
brian or Pre-cambrian age. W. of the Wrekin, Shropshire. J. A. PhiUipB» 
Quart. JourtL Oed. Soc, 1877, p. 457. Described by Mr. S. AUport 
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trace 
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100-3 



99-74 



The percentage of silica often rises considerably in the older 
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Fig. 



examples, bases being carried away in solution and qnartc and 
chalcedony greatly accumulated. 
Thus a coarsely spherulitic rhyo- 
lite at Digoed, N. Wales, gives 
Si O, « 8308 per cent. 

II. In sections of rhyolite the 
porphyritic crystals are corroded 
and eaten into by the groundmass 
(fig. 32, B), assuming commonly a 
rounded or oval outline. The 
quartz, which occurs frequently, 
may show glass-enclosures with 
bubbles, which are not due, like 
many " enclosures," merely to the 
transverse section of a tongue of 
the invading groundmass. 

Sodsraugite and biotite are the 
most common ferro-magnesian 
constituents, and keep their out- 
lines well ; but the dark minerals, 
including magnetite, are often 
only feebly represented. 

The groundmass shows bands of 
various brownish tints, commonly 
yellow-brown (fig. 32, A), or is 
uniformly brown with scattered 
embryo-crystals — "crystallites" or •* microlites." These small 
crystalline bodies are arranged with their longer axes parallel to 
the lines of flow, and should be studied with a ^inch or ^-inch power. 
The embryo-felspars are often notched deeply at each end, having 
grown, in fact, most rapidly from their corners (compare fig. 36, B). 

Spherulites appear as brown circular sections, sometimes with a 
porphyritic crystal at the centre. The radial fibrous structure may 
or may not be developed (see fig. 41), and concentric coats of slightly 
different physical constitution appear in some varieties. The 
material, partly glassy, partly crystalline, forming the spherulite 
differs but little in composition from the general groundmass. In 
some cases, a differentiation occurs among the rays composing the 
spherulite, and some of the browner rays even exhibit pleoohroism. 
Probably in all spherulites there is a good deal of glass, caught up 
during the process of aggregation. A more transparent coat com- 
monly surrounds the completed spherulite; at other times a cloud 
of dusky matter remains, from which the spherulite has concreted. 

In more exceptional cases the spherulite has grown in some 
directions more than in others, spreading out in rays into the 

*^ ^oogle 



32.— A, Rhyolite. Hlinik. 
Hungaxy. x 24. Fluidal, 
banded, and imperfectly 
spheralitic structures. 6, 
TSsmA and vertical sections 
of brown biotite. A crystal 
of sanidine occurs. B, 
Rhyolite. Dyke, Broadford 
Bay, Skye. x 24. Spheru- 
litic groundmass, with por- 
phyritic quartz crystals which 
have been much corroded by 
the surrounding matter. 
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lurroonding glass in a striking amoebifonn manner. Such bodies 
may be described as *' skeleton-spherulites ; " a bunch of the 
divergent rays when cut across gives a number of irregularly 
ovoid sections of fibrous matter with no apparent connexion 
between them. 

In the more lithoidal rhyolites^ the spherulitic structure, if 
present, is injured by the close crowding of the spherulites (fig. 
32, A and B) and is best seen between crossed nicols. Apart 
from the minute traces of isotropic glass, a shadowy crystalline 
effect (due to glass under stress, imperfectly developed crystals, 
and microlites) is seen throughout the groundmass when polarised 
light is used. This " cryptocrystalline " character is probably 
better seen in the rhyolites than in any other group. 

The spherulites, when n.jaQierous, may have polygonal outlines 
where they come into contact, or may be reduced to fan-like 
patches. With crossed nicols the black cross of spherules under 
stress or of fibrous aggregates is generally traceable, and is very 
conspicuous in some small spherulites in glassy rocks. In the 
imperfect &n-like aggregates^ this feature becomes most easily 
noticeable when the stage is rotated. 

While common brown spherulites may be almost or truly 
isotropic, the colourless coat round well developed examples is 
seen to be better crystallised than the interior. 

Perlitic structure, with its more or less delicate and complex 
system of rifts, appears in the most glassy rhyolites, the curved 
cracks at times resembling in regularity the coats of an onion 
(see fig. 42). The structure is little interfered with by spherulites, 
the cracks often passing through them and the groundmass 
alike ; and the whole glass may be brown with separated matter 
and full of microlites, and yet may have yielded to this form 
of contraction. But the sub-crystalline structure of the most 
lithoidal rhyolites checks the formation of perlitic structure. 

The older rhyolites show under the microscope all the 
structures above described. But for a certain earthy dulness of 
the groundmass, and the frequent occurrence of cracks and 
hollows filled with chalcedony, quartz, or darker secondary 
products, their extremely antique character might scarcely be 
suspected (see fig. 42). But, directly the polariscope is applied, 
the areas representing the glassy or glassy-lithoidaJ matrix are 
seen to be composed of crystalline granules, giving colours of a 
low order ; while any spherulites present^ though all their form 
and fibrous structure may be preserved, also exhibit a granular 
polarisation. The microlites and minute bodies of the ground- 
mass can be traced, often as pseudomorphs, with higher powers, 
despite the secondary devitrification that has gone ou round 
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theoL The granules developed bj this process sometimes attain 
1 mm. or so in diameter, and they meet one another along 
irregular boundaries. The structure is thus something like that 
of quartzite, and it is quite possible that each granule, felspathic 
or otherwise, is formed in optical continuity with some minute 
original central crystal which has served as a point d'appui 
during the process of devitrification. Thus a rock that retains 
all the delicate structures of the original glassy type, may come 
to consist of a holocrystalline aggregate of interlocking crystals 
of quartz and felspar, which behave ophitically towards the 
crystallites and microlites originally developed. Twinning, how- 
ever, does not seem to arise in these secondary felspathic grains. 
Varieties of RhyolUe, — Soda-Ehtolitb. This corresponds to 
soda eurite. The orthoclase is rich in soda, and commonly albite 
or oligoclase appears. Soda-m icrocline i s probably present. Th ese 
rocks are called '^Quartz-Pantellerites" by Bosenbusch, and form 
links with the quartz-andesites. See also Obsidian in division C. 

II. Tbaohttb Group. 

This group is now by universal consent much reduced in bulk, 
by the cutting off of the quartz-trachytes (rbyolites) at one end, 
and the oligoolase-traohytes, <fec. (andesites), at the other. It thus 
corresponds to the syenites. 

Trachyte {Hanby^* quoted by d'Aubuisson, 1819, from rf>a;^u^, 
" rough," owing to the common texture of such lavas). Stmctwre 
— Compact lithoidal; very often scoriaceous. Commonly por- 
phyritio. Constituents — Those of syenite. The orthoclase is 
commonly the ''glassy" sanidine. Ferro-magnesian constituents 
not abundant. Lithoidal to glassy groundmass. 

I. Quartz must be absent; the sanidine is often' large, its 
clinopinacoids being characteristically broad and the crystals 
plate-like. Soda-augite, biotite, and hornblende may be recog- 
nised, and occasionsJly rhombic pyroxene occurs. Plagioclase is 
common, and may be known by its striated surfaces. 

As in the rhyolites, the groundmass is typically pale. The 
characteristic colour is white, inclining to grey-brown ; but reddish, 
yellowish, and even black trachytes exist. The black scoriaceous 
type seen in the Arso lava-stream in Ischia, which was poured 
out in the fourteenth century, is, however, quite exceptional. 

Since the proportion of glass to well-developed crystals is on 
the average less in the trachytes than in the rhyolites, the 
banded and spherulitic structures are less often seen. The 
fractured surface is somewhat rough, and the material breaks 
awuy under the knife. In decomposing trachytes, alum is 
sometimes deposited under the influence of solfeitaric vapours. 
• TraiU de Mm,, 2nde. ^t., t. iv., p. 57|pbyGoOQle 
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Speeifie OravUy, — ^About 2*5. The looseness of texture in 
many examples makes determination difficult. 

Typical Analyses,— -A. RabertBhansen, Hesse. Engelbadh, quofced by 
Zirkely PeCroffraphie, ed. 1, Bd. E. p. 178. Little hornblende and mica. 

B. Freienhftosohen, EifeL Zirlcel, Zeitschr. d. detUsch, geoi, Gesell.^ 
1859, p. 535. With Oligodase, 

C. Scairapata, Ischia. Vom Rath, Zeitschr. d. deutsch. geol. OeselLf 
1898, p 628. With SodalUe, Angite, and Biotite. 

A. B. C. 

SiOs . . . . 62 39 60-01 65*75 

AlgOs . . . . 20-23 2103 1787 

FeO .... 5*32 848 4*25 

CaO .... 1-09 319 1*33 

MgO . . . . 0*88 0*73 0*52 

KjO . . . . 5*76 2*01 3*48 

Na,0 . . 3*90 4*29 6*67 

Loss on ignition and HsO 2*02 ... 0*78 

CI ... 0*34 

101*57 99*74 99*99 

II. The beautifully clear sanidine crystals are usually con- 
spicuous in sections of trachyte, though liable to be broken and 
corroded. Fla^oclase is almost always present. Small soda- 
augites are probably the commonest ferro-magnesian constituent; 
biotite is fairly frequent, but hornblende somewhat rarer. 

The groundmass rarely shows banding, but is crowded with 
microlites of orthoclase, which are arranged in confused flowing 

lines. A high power reveals 
colourless interstitial glass with 
"crystal-dust" and minute skele- 
ton-crystals. In the most glassy 
trachytes, spherulitic and perlitio 
structures appear ^see Rhyolite). 

The older trachytes are very 
difficult to marl off from the corre- 
sponding type of rhyolite, since it is 
impossible to say what was the ori- 
ginal proportion of silica present 
The marked absence of porphyritic 
quartz in some rocks at present 
classed as altered rhyolites makes 
one suspect that (among the 
Devonian eruptions, for instance) 
many of these old lava-flows were 
trachytic. 

Varieties of Trachyte, — Soda- 
Tbacuy iE("Pantellerite"of Rosen- 
busch, after Forstner, from Pantelleria). Soda-microcline may be 

Joogle 




Fig. 33. —Trachyte. Ischia x 12. 
b, Biotite. 0, Orthoclase 
(saoidine) in fresh crystals, 
showing traces of zoning. 
Cleavages not distinct. Green 
soda-augite occurs; a cross- 
section lies near the top of the 
drawing. Fluidal hemiciys- 
talline groundmass. 
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present, with oligoclase. Probably the majority of trachytes 
contain a greater total percentage of soda than of potash (see 
Phonolites below). 

Tbacuttb with much Oligoclase. — The "Domites" of von 
Buch (from the Puy de Dome) may be placed hera These 
rocks are the connecting link with the andesites. 

Nephelinb-Trachtte (Nepheline-Phonolite). — These rocks 
may be regarded as forms of trachyte rich in soda and poor 
in silica. The rocks known early in the century as Phonolites * 
were compact grey fissile lavas which gave a ringing sound 
(" Clinkstone ") when struck with the hammer. Nepheline was 
gradually discovered in many of these, and, foUowing Zirkel, 
the term phonolite is now used for a lithoidal or glassy rock 
containing — 1, Orthoclase (usually rich in soda); 2, one of the 
" felspathoids," i,e., Nepheline, Leucite, Nosean, or Haiiyne; 3, 
Pyroxene, Amphibole, or Mica. Pale sphene is a common 
accessory. 

I. The nepheline-phonolites are less trachytic in aspect than 
many of their allies. They are commonly very compact^ and 
of a grey colour faintly tinged with browiL When fresh they 
have a peculiar partly glassy, partly greasy lustre, due to the dis- 
seminated nepheline (the rock of Briiz, Bohemia, for example). 
But alteration easily sets in, and yellowish- white opaque patches, 
often showing nepheline outlines, appear throughout the mass. 
The cracks and hollows become filled with zeolites, notably 
natrolite. The felspar remains distinct and glassy-looking long 
after the nepheline has become pseudomorphosed. 

The fissile character common in phonolites is intensified by 
weathering. In several cases it is due to the arrangement of 
lamellar orthoclase in parallel planes during movement of the 
viscid mass. 

As was noticed nearly a century ago, the phonolites give on 
digestion in acid a separation of gelatinous silica. Any rock 
rich in zeolites is likely to show this character ; but the nephe- 
line and its alteration-products, dissiminated through the whole 
mass, make the reaction here a striking one. It is noteworthy 
that the more weathered phonolites give only slight gelatin- 
isation, since the minerals which thus easily yield their silica 
have been already attacked by circulating waters (see Zirkel, 
FHroffraphie, 1866, Bd. ii., p. 196). 

Specific Grcmty. — Near 2*55. 

Typical Analyses. — ^A. Nepheline-Phonolite. Marienberg, near Auerig, 
Bohemia. RammelBberg, qnoted by Roth, Beitr&ge zur Pet/rogr,, 1873, 
p. zzxviii 

* Klaproth, Ahhandl, der Berlin Ahad., 1801. 
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B. Nosean-Neplieline-Phonolite. Wolf Bock, Corawall. J. A. Phillips, 
Cfeol. Mag,, 1871, p. 249. Described by Mr. 8. Allport. See also OtoL 
Mag., 1874, p. 462. 

C. NepheliDeNoseaii-8odaUte-PlionoUte. Black Hills, Dakota. BtiU. 
U.8. Qeol. 8vrv,, Na 148, p. 114. 



SiOs 

A1,0, 

FejOa 

FeO 

MnO 

CaO 

MgO 

K,0 

Na,o 

H] O and loss on ignition, 

P,05 ... . 

Other constituents. 



A. 

53-84 

19-68 

4-88 



3*16 
1-93 
7-98 
6-02 
376 



101*20 



B. 

56-46 



2*70 

97 

trace 

1-47 
trace 

2*81 
11 13 

2-05 
trace 



99*88 



C. 

57*86 

20*26 

2*35 

'39 

•21 

•89 

•04 

5 19 

9 47 

2*61 

•03 

•67 

99^ 



n. The nepheline, though often abundant and porphyritio, 
is very seldom clear and firesh. The form of its sections, even 
in the earthy-brown decomposed state, makes it readily recog- 
nisable. The hexagonal sections, which are isotropic, must not 
be alone considered, since they may easily resemble, in their 
altered state, the common sections of nosean. 

The felspars and the groundmass, which contains commonly 
soda-augite, need no remark (see ordinary Trachyte). The 

nepheline may, however, occasion- 
ally occur as minute rectangular 
and hexagonal sections in the 
groundmass itself, and entangled 
in the felspar mesh. Even in this 
truly microscopic condition, the 
regularly grouped enclosures may 
often be detected in the crystals. 

Sphene is a common accessory 
constituent. The presence of 
nosean or leucite links nepheline- 
trachyte with the varieties which 
follow. 

Leucite - Traohtte (Leuoitb- 
Phonolite). — Here the potash pre- 
dominates largely over soda, but, 
perhaps from a deficiency of silica, 
leucite occupies part of the place 
taken by orthociase in ordinary 
trachytes. 

L The leucite is often visible 




Fig. 34. — Nepheline - Trachyte 
(Phonolite). Briiz, Bohemia. 
X 35. 11, Nepheline, in rectan- 
gular and hexagonal sections, 
showing zoning, o, Orthociase 
(sanidine), in numerous needles 
and in stellar groups. Dark 
green patches (soda-pyroxene) 
occur in the hemicrystalline 
groundmass. 
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Only with the microscope. The rock has a less compact and more 
earthy texture than the typical nepheline-trachytes. Nosean, 
in dull-looking or dark altered crystals, is very often present. 

n. The almost circular sections of the clear and scarcely 
altered leucite, unless very minute, readily strike the eye. 
They are sometimes distributed almost regularly through a dull 
groundmass, and at the first glance resemble vesicles. The 
characteristic enclosures are better seen in the small than in 
the large porphyritic crystals. Hexagons of nosean, and some- 
times nepheline, are frequent accessories. 

NosEAN- or Hauynb-Tbaohytb (Nosban-Phonolite). — The 
dull sections of the felspathoid, sometimes earthy-brown when 
nosean, sometimes almost blue-black when hauyne, are com- 
monly visible on the surface of the rock, and are easily detected 
under the microscope. The nosean-nepheline-trachytes resemble 
grey compact typical phonolite (as, for example, the only known 
British phonolite, from the Wolf Rock, Cornwall). See analysis 
B. The nosean-leucite-phonolites are typically of looser and 
more earthy texture. 



III. Andbsiteb rich ih Silica (Rhtolitig Akdesites). 

This group, in which the excess of silica may or may not be 
developed as quartz, corresponds to the quartz>diorites and 
quartz-aphanites. But the latter probably form a larger group, 
owing to their having been developed in many cases as quartzose 
'' epidiorites " from rocks in which the percentage of silica was 
originally lower. Very many glassy roocs, however, that have 
been classed with rhyolites have porphyritic crystals of plagio- 
clase ; and their chemical composition would lead one to conclude 
that little, if any, orthoclase would be developed if the whole 
mass became holocrystalline. Such cases must be worked out in 
the field and correlated, if possible, with holocrystalline types. As 
Mr. Diller and Prof. Judd have shown, the proportion of por- 
phyritic crystals to glass is a very important element in these 
considerations, and a hand-specimen from one part of a rock-mass 
must be referred to andesite rich in silica, while another, with 
more crystals, may be a normal or even basic andesite.* 

The characters of the rocks of this group are so much the same 
as those of the andesites which follow that separate description is 
unnecessary. Quartz grains, often corroded, must be looked for 

* Diller, Science, voL ilL (1884), p. 663, and Jadd, "Nataral Histoiy of 
LftTaa," OwL Mag., 1888, p. 4. 
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(as in the *' Dacites/' so named hj Stache, after Daoia). There is 
a greater tendency, moreover, to the formation of glassy types 
than is the case among normal andesites. The much altered 
forms with free quartz are often called " Quartz-Porphyrites." 

It must be remembered that *' Quartz- Andesites may occur 
which scarcely &11 within this group, the bulk-analysis yielding 
perhaps only 61 per cent, of silica. Others seem merely to have 
picked up foreign quart^grains in their passage to the surface. 
The quartz in such cases is surrounded by a green envelope of 
granular pyroxene. 

Speoifio Gravity, — ^About 2-65. 

Typical AwdyHS.—k. <<Daoite." Kis Sebes, Transylvania. Doelter, 
TacJiiTm, MiUheil. {Jahrb, d, peoL JReichsanst), 1873, p. 92. Biotite, Horn- 
blende, Augite. A little Sanidine. 

B. Hypersthene- Augite- Andesite ; pmnioeous form, the elass forming 90 
per cent, of the whole bulk. Krakatoa. Winkler, qnotea by Jndd, Boy, 
Soe, Krakatoa report^ part i., p. 32. 
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The name Andesite, which was used for certain lavas of the 
Andes by von Buch, was resuscitated in 1861 by Roth* for 
rocks between trachyte and basalt, consisting of oligodase with 
amphibole or pyroxene. 

The group is a very large one, its members being among the 
commonest lavas met with ; and two sub-groups suggest them- 
selves, which of course shade into one another, but which will 
serve to emphasise the difference of type at opposite ends of the 
series. See also p. 249. 

* Die Oesieina-analysen, p. xlv. 
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The first sub-group, called here "trachytic andesites/' cor- 
responds to diorites rich in silica. The second, the "basaltic 
andesiteSy" corresponds to the pyroxene-diorites with basic fel- 
spars, and thus to the bulk of "gabbros without olivine." 

Suh-group 1. — Trachytic Andesites. SPmcture^Like trachyte. 
Commonly porphyritic. Constituents — 1, Plagioclase (commonly 
Oligoclas^; 2, Soda-Augite, Hornblende, or Mica. Sometimes 
Bhombic Fyroxene. iiithoidal to glassy groundmass. 

I. The marked feature of the andesites is the absence of 
orthoclase; in this sub-group the striated oligoclases are abun- 
dant and the ferro-magnesian constituents are less important. 
The groundmass is characteristically trachytic; colour on the 
whole darker than in trachyte. Spherulitic and other structures 
characteristic of the more glassy rocks are rare. 

The much altered and older examples (many of the "Por- 
phyrites **) are typically brown-red and almost earthy in appear- 
ance. Search should be made in the field for the least altered 
portions of the mass. 

Speckle Gravity.— Ahoni 2*75. 

Typical Analvses. — Poor in masnesia, and fairly rich in alkalies. 

A. Hornblende- Andeaite. WoULenburg, Siebengebirge. Bischof, Lehrb, 
d, Oed., 1 AuJl, Bd, ii., p. 2181. 

B. Hornblende- Andesite with Augite. Pay de Louchadi^e, Auvergne. 
Yon Lasaulx, Neuea Jahrb.far Min., 1869, p. 708. 
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n. The broad sections of felspar that characterise this type 
of andesite are often as fresh and clear as sanidine, but show 
beautiful twin-lamelhttion. The glassy groundmass has com- 
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monly penetrated them and worked fer into their interiors, the 

corrosion spreading easily along 
the planes of composition of the 
twins. The extent to which 
these plagioclases have yielded 
to the attack of the magma is 
a feature of great interest ; and 
the external matrix has often 
become dull by the develop- 
ment of crystallites, while the 
intruded portions have preserved 
a purely glassy character. 

The hornblendes or micas, 




Pig. 35. — Hornblende • Andesite 
(traohytio type). Sommit of 
Beinn Nevis, Scotland, x 7. 
h. Brown hcHiiblende. p, 
Plagiodase, often muoh cor- 
roded by the glass aronnd. 
Fluidal hemiorystalline gronnd- 



again, suffer by the development 
of an opaque black margin, 
and sometimes remain as black 
granular pseudomorphs. 

Rich brown biotite is again and 

again associated in these rocks 

with hornblende. The typical 

pyroxene is very pale green and 

is probably soda-augite ; and rhombic forms, generally poor in 

iron, may appear. 

The groundmass is brownish and trachytic in appearance. The 
glass, where traceable, is pale and almost colourless. Evidences 
of flow are less frequent than in the trachytes. 

The " Porphyrites " (altered andesites) of this sub-group 
show typically a brown earthy matrix, often with green pseudo- 
morphs after biotite. The hornblende and pyroxene have 
commonly become completely decomposed, leaving colourless 
areas bounded and traversed by strong opaque bands, which 
are formed by the iron oxides separated out along the cracks 
and on the margins of the original crystals. The glass of the 
groundmass, and that intruded into the felspars, can sometimes 
be traced as yellow areas occupied by decomposition-products, 
which resemble serpentine between crossed nicols. 

Sub-group 2. — ^Basaltic Andesites. Typicallv Pyroxene-Ande- 
sites. *' Basalt without olivine " comes here, when there is about 
50 per cent or more of silica. Structure — Lithoidal ; sometimes 
with glassy interspaces between the crystals. ConsHtuents — 1, 
riagioclase (Oligoclase or, probably more often, Labradorite) ; 2, 
Augite or Rhombic Pyroxene; more rarely Hornblende and Mica. 
Magnetite is conspicuous. Lithoidal to glassy groundmass, 
I. In appearance these rocks are darker and compacter than 
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those of the preceding sub-group, and approach the basalts in 
texture, becoming even black and notably heavy. The rock 
tends to break conchoidally, and a spheroidal structure in the 
mass is not uncommon, which is developed, with onion-like effect, 
by weathering. The porphyritic crystals of nlagioclase are 
often accompanied by well developed pyroxene, the stout black 
prisms of which stand out on the surfsice amid the deep brown 
groundmass. 

The mass of the rock appears miorocrystalline to the eye and 
lens, the small rod-shaped felspar prisms being often discernible. 
It is scratched by the knife, leaving a light streak. When 
muoh glass is present, dark areas appear, with a quartz-like 
aspect and conohoidal fracture, between the crystals, and the 
whole rock may have a speckled vitreous lustre when turned 
about in the hand. Spherulites, banding, &c, are rare; and 
scoriaceouB rather than pumiceous structure accompanies the 
examples gathered from lava-stream& 

The much altered types (part of " Porphyrite '' and " Diabase ") 
are commonly reddish, like those derived from the trachytic 
andesites ; or compact black, like many of the rocks styled by 
Brongniart ** Melaphyre," * a number of which must come into 
this sub-group. 

Specific Gravity,— Ahout 2*75 to" 2-9. 

TypieeU AfuUy8es.—BichBr in lime and magnesia and poorer in alkalies 
than preoedinff sub-groap. 

A. Aagite-Andesite. Tunguraffoa, Andes. Artop6, quoted by Roth, 
BeUrage zur Petrogr., 1873, p. xlvi.t 

B. l^persthene-Angite-Andesite, BuflGsJo Peaks, Colorado. Hillebrand, 
BvU. U.a. Otol. Survey^ No. 1, p. 26. 

C Pyroxene- Andesite. Delta, Shasta Co., California. Melville, BvlL 
U.S. Choi. Surv., No. 168 (1900), p. 176. A trace of olivine. 

SiO. . 

FeO . 
MnO . 
OaO . 
MgO . 
K,0 . 
Na, . 
H^ . 
P.O. . 



A. 


B. 


0. 


58-35 


56190 


55-08 


16-74 


16-117 


18-93 


... 


4-919 


2-02 


6-71 


4-433 


5-56 


0-54 


trace 


... 


6-81 


6-996 


8-40 


4-84 


4-601 


5-17 


M8 


8-368 


0-74 


4-69 


2-961 


4-23 


0-31 


1-028 
0-266 


0-29 




a 0-022 


TiO, trace 



100-17 



99 901 



100-42 



* Okuaificatian mitUral, dea RocHm M4lana6ea, 1813, p. 40. 

t The glassy augite-andesite of Eskdale, Dumfries, has a closely similar 



composition. See Teall, Petragr,, p. 196. 
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Compare description of oliyine-basalts, p. 257. 

n. In sections the prominence of pyroxene, whether pale or 
strongly yellow-brown and purple-brown, and the comparative 
lack of hornblende and mica, strike the eye at once. The latter 
minerals are, in fact, typically absent. 

Augite occurs porphyritically, and has developed abundantly 
in the groundmass in the more basic types (*' basalts without 
olivine"), occurring there as grain-like crystals between rod- 
shaped felspars; the rock passes, by exclusion of the interstitial 
cryptocrystalline matter, into typical " dolerite without olivine." 
Enstatite or hypersthene is common (fig. 36, A). 

The plagioclase, when porphyritic, is freely corroded, pre- 
serving a general prismatic outline, though the interior may be 
largely replaced by a maze-like structure of brown glass. As 
above remarked, a mesh of rod-shaped plagioclases developes in 
the groundmass in the most basic types. 

In some varieties of andesite from near Tetschen in Bohemia 




Fig. 36.— il, Pyroxene- Andesite (basaJtio type). Kremniii^ Hungary, x 
14. p, Plagioclase. r.p, Rhombic pyroxene (enstatite). Crystals of 
magnetite occur. Dark hemicrystalline groundmass. * B^ Glassy 
Pyroxene- Andesite (basaltic ty^). Dyke, fiskdale, Dumfries, x 40. 
a, Granular augite, often set with radiating microlites from the glassy 
groundmass. p, Plagioclase in various stages of growth, often with 
characteristic bifurcating and incomplete terminations. Magnetite 
occurs. This rock exhibits the clear brown interstitial glass typical 
of many continental augite-andesites and '* porphy rites." 

the felspar is mainly in the cryptocrystalline groundmass, in 
wbich aoundant microlites of browfi hornblende have developed* 
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The porphjritic crystals are, on the other hand, large angites, 
with very pronounced idomorphic characters in section. This 
rock will serve to show how removed the basaltic andesites may 
be from the trachytic type. 

The ground mass is characteristically brown, with at times 
skeleton-crystals (cross-like forms) of magnetite. When com- 
pletely glassy, it is a warm transparent brown (fig. 36, B), in 
which the well-defined crystals of the final consolidation lie. 

When the groundmass appears filling the interstices of the 
felspar mesh, it is described by Bosenbusch as " intersertal." 
Were it now to become converted into large crystals, it would 
oflen result in an ophitic structure, since its composition must 
often be near that of a pyroxene, the felspathic matter having 
been withdrawn from it. In the same rock-section the structure 
of a basaltic andesite with a felspar mesh may be seen in one 
part, and that of ophitic dolerite in another (compare fig. 39). 

The ^'Porphy rites" of this sub-group show a yellowish substance 
in the place of any original glass. The rhombic pyroxenes are 
decomposed to green fibrous forms; the augites are often replaced 
by chlorite, and the felspars in large part by calcite. Specks of 
calcite may also apj>ear throughout the groundmass. 

Varietiea of Andesite, — Beyond the above broad divisions of the 
andesites, we may expect the following varieties : — 

Nbpheline-Andesite (Nepheline-Tbphritb).— The "Teph- 
rites" are a plagioclase-series parallel to the phonolites, and 
commonly containing soda-augite. The name is unfortunate, 
since the old " T6phrines" are rarely " tephrites" in the restiicted 
sense of Rosenbusch, being mostly rough grey andesites. 
" Basanite " of Bosenbusch is a tephrite with olivine ; such rocks 
will be classed here as varieties of olivine-basalt. The '< basanite" 
of Brongniart (1827) was merely a porphyritio basalt A 
*' tephrite " is practically an andesite with part of the felspar 
replaced by a felspathoid (p. 247). The nepheline-andesites seem 
rarer than the nepheline-trachytes. The silica sinks to about 50 
percent. 

Lbuoitx-Andesitb (Leuoite-Tbphritb). — The leucites are 
often conspicuous on the surface of the rock, as in the fine 
example from Civit^ Oastellana near Yiterbo. 

NosEAN- or HAthTNE-AKDBSiTB (Noseak-Tephbitb). — Haiiyne 
is more prevalent than nosean, doubtless owing to the presence of 
lime rather than soda in the molten rock. A very fine example 
is the so-called '^Haiijnophyre'' of Melfi; some parts of this rock, 
with only 43 per cent, of silica, cannot &irly be ranged as andesite. 
Note to the Andesites.— PnoTYLiT^ used by von Bichthofen for the oldest 
Tertiary andesites, has been revived by Rosenbosch for those forms iQ 
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whieh alteration baa been due to solfataric action. Tbe tvpioal propjiitea 
in thia aenae are compact grey rocka in wbicb tbe bomblende and oiotite 
are converted into green cmontic psendomorpha, wbile tbe felapara bava 
often given riae to epidote. Iron-pyritea ia in acme caaea abundantly 
developed in minute sparkling cryatala tbrongbout tbe rock. To accurately 
diatinguisb between tbia kind of alteration and tbat of tbe ordinary 
"porpbyrites" requires careful atudv on type-examples. For preliminary 
purpoaea neitber name need be uaed, "altered andeaite" beine sufficient 
and oomprebensive. Tbe Propylitee bave been fully diaouaaed by Prof. 
Judd {Quart. Jaum, Oeol. 8oc., vol. xlvL, 1890, p. 341). 

Supplement. 

A somewhat interesting group of rocks falls here, the heml- 
crystalline Hephelinites, Leudtites, &o,y which are much better 
known than their holoorystalline representatives. As Prof. 
Lawson has suggested (see p. 223), orthoclase may, in the latter, 
sometimes represent the leucite of the lava-type ; and, similarly, 
other felspars may represent the other felspathoids. Structure — 
Oommonly porphyritic, with a trachytio aspect. Constituents — 
1, Nepheline, Nosean, HaUyne, or Leucite; 2, Pyroxene, Amphi- 
bole or Mica. lithoidal to glassy groundmass. 

I. The absence of felspar may not persist throughout the same 
rock mass, and a Nephelinite may thus graduate into a Nepheline- 
andesite. 

A well-known example is the Leucitite of Selberg, near 
Rieden in the Eifel (fig. 37), with leucite, nosean, minute 
haiiyne, and soda-augite. 

Its mean analysis is as follows : — ^Nosean-Leucitite. Rieden. 
Vom Rath, Zeitschr, cL d. geol. QesM,, 1864, p. 97. 

SiO, 48-26 

AlsOs 16-63 

FeO 6-63 

CaO 7-82 

MgO 1-23 

K,0 6-62 

NasO 9*42 

SOa 1-68 

CO, 1-10 

a 0-26 

H,0 1-94 

101-38 
In proportion of silica these rocks resemble the basic and 

ultrabasic series, while in alkalies they may surpass the 

phonolites. 

n. The pyroxene is a green soda-augite, often markedly 

pleochroic, or a brown augite, as in the haii^ne-augite rock of 
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Neudorf ; the former type is oommon in rocks of a trachytio 
character, and the latter in those of distinctly basaltic aspect. 



no 




rva 



Fig. 37. — Nosean-Leaoitite. Rieden, 
EifeL X 7. a, Dark green pleo- 
chroio soda-angite, often zoneo. /, 
Leuoite, including small soda-augitee 
and mioroeoopio hauynes. no, 
Noaean, with darkened and corroded 
borders. Hemicrystalline ground- 



Y. Oliyinb-Basalt Group. 

If we remove the few rocks 
of basaltic type in which 
olivine is not present to the 
sub-group of the basaltic 
andesites, the present group 
might bear simply the old 
name "Basalt." To avoid 
any misconception, how- 
ever, we add, as in the 
case of the holocrystalline 
representatives, the prefix 
" olivine." 

Olivine-Basalt. — ^vnu^ 
iiwre — lithoidal ; in parts 
ophitic. Constituents — 1, 
Plagioclase (commonly La- 
bradorite or Anorthite). 2, 

Augite; Rhombic Pyroxene at times, but less frequent than 
in the basaltic andesites, its place being taken by olivine; 
Mica or Amphibole is rare, particularly the latter. 3, Oli- 
vine. Magnetite and titanic iron ore often abundant. The 
glassy groundmass is commonly reduced to very small pro- 
portions. 

I. The rock is dark and compact, often absolutely black when 
fresh. The greyer varieties sometimes simulate limestones, but 
their superior hardness must be noted. The knife produces, 
however, a light streak on surfEices of basalt. When altered, 
the rock is softer, with a greenish grey or brown tinge. The 
joint-surfiEUses become strongly coated with brown ferruginous 
products, and a spheroidal structure, as in basaltic andesites, is 
commonly seen, the successive crusts of the spheroids being 
removable from one another when decomposition has emphasised 
the surfaces of separation between them. 

In the field, besides this structure, the abundance of straight 
joints is noticeable; and the basalts exhibit the columnar structure 
in the most perfect manner, the base of thick lava-flows giving rise 
to large and more regular columns, while the upper portion is a 
mass of irregular and curving forms. The meeting of these two 
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types of columnar rock in the interior of the lava-stream occurs 
along a plane which appears to divide the mass into two distinct 
flows; and careful field-examination must in consequence be made 
before the true upper limit of an old lava-stream can be determined. 

Though scoriaceous types are common, glassy structures are 
very rarely encountered in basalts in the field ; but the crusts of 
some recent basic lavas provide examples of spherulites, perlitic 
jointing, &c., which repeat all the features of more acid types. 
The " YarioUte " of the Western Alps, Liguria, &c., is a remark- 
able case of the formation of such crusts on surfisMses of basaltic 
andesites or olivine-basalts. The glass of variolite is now lost 
by secondary devitrification; but the spherulites remain con- 
spicuous, and form on weathered surfaces the pustular markings 
from which the rock received its ancient name {variola = the 
small-pox). (See p. 267.) 

Basalt dykes fairly frequently show remnants of glass along 
their planes of contact with the surrounding rock ; and some- 
times this material has a distinctly vitreous lustre and a thickness 
of one or two inches (see Tachylyte in division G). The rock 
becomes rapidly more crystalline from this selvage inwards, until 
in a few feet it may be practically a dolerite. 

The minerals of compact basalt^ as may be seen from the classic 
research of Oordier (p. 110), are difficult to determine with the 
eye, although the lithoidal mass contains but little glass. The 
olivine is ^most invariably porphyritic, but is lost to view in 
the dark ground mass on decomposition. When fresh, its striking 
yellow-green crystals, contrasting with the black prisms of por- 
phyritic augite that may also occur, readily call attention to the 
basic character of the rock. 

The plagioclase, when porphyritic, is often tinged faintly green- 
ish, owing to the general alteration of magnesian silicates round it. 

The altered olivine-basalts form part of the old " Melaphyres." 
Such rocks are very commonly amygdaloidal, owing to the easy 
decomposition of the basic silicates and the formation of serpen- 
tine, zeolites, calcite, and chalcedony in all the vesicles and 
cavities. The typical colour of these "melaphyres" is green 
rather than black ; others, with extensive oxidation of the iron, 
resemble the familiar brown-red " porphy rites.** When the lime 
has separated out as calcite, and the soft mass has given way under 
pressure and become shaly, the " Schalstein " of the Germans is 
produced ('' Spilite " of Brongniart). Many " schalsteins '* are 
derived from basaltic andesites ; others from various basic tuffs. 

It is impossible to distinguish between many so-called '^olivine- 
diabases '* and " melaphyres.** 
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Speeifie OravUy. — Ne«r 2*9. Lowered by alteration to about 
2-8. 

Typical Analyi€»,^lL Pine Hill, 8. Britain, Connecticut. Hillebrand, 
Bull. U.S. Oeol. Svrv., No. 168 (1900), p. 35. Unaltered rook. 

B. Etna, eruption of 1865. Fucha, Neues Jahrb.fOr Mm., 1865, p. 713. 

C. Eichelkopf, Hesse. 0. Rdthe, 1863, quoted by Roth, Beitrdge z. Petr., 
1869, p. ox. Forphyritic Olivine visible. 

D. Kolandseck. Mitscherlioh, Zeitsehr, d. d. geol. Qesell., 1863, p. 372. 
Porphyritio Olivine and Angite. 



SiO, . 
TiO, . 

i:^9? • 

FoaO, . 

FeO . 

MnO . 

CaO . 

MgO . 

K,0 . 

Na,0 . 

H, O and loss on i^ 

Other constituents 



ignit 



A. 

52-40 
108 

13-66 
2 73 
9-79 
0-26 

1001 
6-63 
0-40 
2-32 
1-67 
0'26 



B. 

49-27 

18-64 
6-98 
5*62 

10-38 
3-76 
2-22 
3*46 



C. 

46*65 
3*10 
9*67 

14-42 
0-27 
8-68 

10-06 
1-76 
2-69 
2-06 



99-99 100-22 99-01 



D. 

44-17 
1-46 

14-69 
6-78 
4-82 

10-42 
9-47 
1*76 
2*96 
2*60 



99-01 



II. Typical sections of olivine-basalt show porphyritic olivine 
(fig. 38), sometimes with purple or brown angite, in a ground- 




Fig. 3S.— Basalt. Lion's Haunch, Arthur's Seat, Edinburgh, x a a, 
Augite. ol. Olivine, altering along cracks into pale green serpentine. 
p, Flagioclase, often corroded by the groundmass. Some magnetite. 
Hemicrystalline groundmass, in which the glass is much reduced by 
the abundant development of microlitet of plagioclase and augite. 
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mass formed by a mesh of plagioclase with interstitial augite 
granules. Close inspection with high powers reveals traces of 
glass, containing magnetite (in skeleton-forms) and little globular 
or rod-like crystallites. This glass is sometimes colourless, some- 
times earthy-brown and full of dust-like crystallites. The small 
proportion which it commonly bears to the crystals is in itself 
eyidenoe of the basic character of the lavas of this group. 

The olivine-basalts easily pass into ophitic or ordinary dolerites 
(fig. 39). 

Magnetite or titanic iron ore is commonly well developed; 
sphene, except when represented by the alteration-product 
** leucoxene^" is absent. 

Rhombic pyroxene becomes rare as the olivine increases. A very 
pleochroic pale biotite is occasionally met with ; but hornblende 
is particularly rare. The soda- 
augites are naturally absent, but 
may re-appear in the basalts 
containing nepheline, <Sz;c. 

In the more altered types 
(" melaphyres ") the pseudo- 
morphs sSter olivine must be 
looked for, and appear yellow- 
brown, olive-green, or almost 
black through separated iron- 
oxide. A quantity of isotropic 
to cryptocrystalline green or 
yellowish matter occurs between 
the felspars, representing altered 
pyroxene and glass. The former 
extent of the glass is thus very 
often difficult to trace. Epidote 
and calcite arise freely in these 
types, often within the felspars, 
and zeolites form fibrous aggre- 
gates in the cavities. 

Varietiea of Olivine-Baaalt. — 
Basalt rioh in Olivine. In 
some of these rocks the olivine is 
seen to be very abundant when a 
hand-specimen is examined, the yellow-green porphyritic crystals 
being conspicuously set in a dark groundmass. In others, as at 
Dreis, Eifel, nodules of olivine and rhombic pyroxene, some 6 cm. 
in diameter, lie embedded in a normal compact basalt. 

Nepheline- Basalt ("Nepheline-Basanite" of Rosen- 
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Fig. S9.— Basalt passing into Oohitic 
Dolerite. Tobermory, Mull. 
X 25. a, Auffite, developed 
around the feLpare in large 
ophitic crystals without defined 
outlines. In other places, to 
right and left, the hemicrystal- 
line basaltic groundmass \& seen 
in the interstices of the felspar 
mesh, cly Olivine, p, Plagio- 
clase; small prismatic habit 
characteristic of basalts. Mag- 
netite also occurs. 



fiEHIORTSTALLIMB IQNBO0S R0CK8. 



261 






basch). — In conformity with the common system of nomenclature, 
we imply by this term a basalt which contains nepheline in addi- 
tion to its ordinary constituents. 
The felspar is likely, however, 
to be diminished; and when its 

place is entirely taken by nephe- i^fllln^liTBIf L ^*^JS^ I 

line we have an olivine-nephe- iL™Wlr. [■"JULk. f JsmyA 

Unite. uAmm in ■ w 

Leucite-Basalt ('< Leucite- BJlPhJlfcljBMlZKM P 
Basanite'' of Bosenbusoh). — -Jt^ 
This is a common lava of Y esu- C ^ 
vius. The leucites are typically '^a/mji^mmMrsMS^^^^^ 

conspicuous and porphyritic, ^ ^jMmM w^a^ ^^ ^Cb 

the plagioclases being small and ,,- 

rod-like in the ffroundmas& ^. ^^ , .^ ^ ,, „ 

Olivine is not abundant. The ^«- tfil^'^^f^H^f ^^^^^ 

. 'J* 1.1 i_ ^ ^^ ^> Augite, in one instance 

colour vanes from grey to black. surrounded by small leucites. 

Some leucite -basalts, how- /, Leucite ; two Urge crystals 

ever, are like the ordinary h® i** the upper part of the 

olivine-bearing types, and the ^^it* P» PJf«i<^l»^» «»^|?*^ 

, . . . ,® J ^XP J ^ J- J with small leucites m the dark 

leucite IS only to be detected gj^y groundmass. 

by the microscope. 

Typical Analy$i3.—lAva, of Vesuvius, 1867-68. Specific gravity, 2791. 
FucbB, Neuas JahrbuehfUr Mm,, 1869, p. 79. 

SiO. 46-94 

Al,Og 21-36 

FeaOs 727 

FeO 4-96 

MnO trace 

CaO 9-69 

MgO 3-78 

K,0 5-57 

NatO 1-62 

10M8 
Hauvne-Basalt. — Many rocks so described may be classed as 
hauyne-andesites. The haiiyne may be porphyritic, or may be 
minutely distributed in the groundmass in the place of prisms of 
felspar. 

Supplement. 

The Olivine-Nephelinites, Olivine-Leacitites, &o., form a small 
group ; but there are some singular rocks among them, notably 
the so-called " Melilite-Basalts," which consist largely of melilite 
and olivine. They yield only 30 per cent, of silica^ and are thus 
extremely ultraba^sio. 
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Melilite cannot be regarded as a common rock-forming mineral; 
but it may be seen in &e hollows of some lavas with the naked 
eye as well developed brown and gummy-looking tetragonal 
prisms. At Oapo di Bove, near Rome, there is a remarkable 
lava, with 46 per cent, of silica, in which the melilite ophitically 
encloses small leucites. In sections, the melilite thus appears 
as a colourless to pale yellow ground, with a refractive index as 
high as that of topaz. In other rocks it may be prismatic. 

Lfanburgite (Rosenbusch, Neues Jah/rh fSr Mvn.^ 1872, p. 35, 
from Limburg in the Kaiserstuhl area, near Freiburg-im- 
Breisgau. Synonymous with Mohl's " M agmabasalt"). — Structure 
— Lithoidal to glassy, with porphyritic ferro-magnesian minerals. 
Constituents — 1, Pyroxene ; 2, Olivine. Magnetite, titanic iron 
ore, and apatite are very common. Lithoidal or glassy ground- 
mass. 

I. This rock graduates in the field into one in which felspar 
has developed, and Prof. Bonney has recently shown {Ged. Mag,^ 
1901, p. 412) that its true alliance is with the olivine-basalts. 
The rock of Eolandseck (analysis on p. 259) provides a link 
between the latter and the ultrabasic limburgites. Limburgite 
differs from the peridotite group in the low percentage of 
magnesia. Eosenbusch's ''Augitite" is a limburgite without 
olivine. 

Specific OravUy. — A rather glassy example gave Kosenbusch 
2-829. 

Typical AncUysia, — Limburg. Roeenbusoh, loc, cit,, p. 54. 

SiO, 42-78 

TiOj 0-28 

AljO, 8-66 

FeO 17-96 

MnO -95 

CaO 12-29 

MgO 1006 

KaO 0-62 

Na^O 2-31 

H,0 3-96 

99-87 

II. In sections the glass is strongly brown, and may contain 
numerous skeleton-crystals of magnetite. The abundance of 
porphyritic crystals of augite is the most striking feature. 
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YI. Hbmiortbtalline Pbbidotite Gboup. 

Owing to the ready crystallisation of peridotite-magmas, these 
rocks are little known, and require a determination of at least 
silica and magnesia for their correot appreciation. 

G. Highly Glassy Rocks. 

In the field there is little difficulty in comparing with their 
lithoidal relatives rocks in which the constituents have not 
separated out from the glassy magma. But such rocks in isolated 
haDd-specimens are incapable of accurate determination. The 
porphyritic crystals, belonging to a previous period of consoli- 
dation, may be widely scattered and afford no clua Chemical 
analysis of the glass, with or without the crystals, or even 
ordinary flame-reactions, will give a &ir idea of the potentialities 
of the individual specimen; but the holocrystalline type, of 
which it is, perhaps, merely a selvage, may prove to be of more 
basic character than the glass itself suggests. When the mode 
of occurrence and the alliances of the specimen are known, it 
may be described as rhyolite-glass, andesite-glass, &c., when 
fairly free from crystallites ; or as rhyolite-pitchstone, andesite- 
pitchstone, .&a, when the development of these minute bodies 
has imparted a resinous lustre to the mass. The term Pitch- 
stone is thus retained in a wide and really teztural signification ; 
the fact that such rocks are commoner among acid lavas did not 
prevent the earlier writers from speaking of ihe passage of basalt 
into pitchstone. 

The pitchstone-condition of igneous rocks may be brought 
about by the commencement of secondary devitrification as well 
as by the presence of primary crystallites. In such cases micro- 
scopic sections will often show how the crystalline particles 
have arisen along cracks, such as the perlitio joints, instead of 
beiDg uniformly diffused or drawn out in bands througnout the 
mass, as occurs when they are of primary origin. 

When it is impossible to use accurate prefixes, the highly 
glassy rocks may be conveniently classed under one of the 
following groups, ».0., merely as obsidian or tachylyte.* 



*For the behaviour of some natural glasses on treatment before the 
blowpipe, see p. 1(H. 
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I. Obsidian Gboup. 



Obsidian is an old term, said by Oosalpinus to be derived from 
Obsidius, the discoverer of the rock. It may be applied to the 
more highly silicated glasses; these are also fairly rich in alkalies. 
Their common characters are a low specific gravity, a marked 
conchoidal fracture, a high fusibility (about 5), and colourless 
or pale sections in which magnetite is not conspicuous. Small 
splinters are commonly transparent, not merely translucent, on 
thin edges. 

Perlitic or columnar jointing occasionally interferes with the 
broad conchoidal fracture. The larger joint-surfaces are usually 
dull and stained with brown limonite, and the banded or other 
structures can be well seen upon them. Fragments of lithoidal 
or glassy lavas, often from other portions of the same flow, are 
common as enclosures in the glass. 

Rhyolite-Glass. — ^I. This is the most completely vitreous rock 
in nature, and forms the obsidian of Lipari and the Yellowstone 
Park. It is blsrck or greenish in mass, like bottle-glass, and is 
almost colourless in thin splinters. Some varieties are glossy or 
almost silky-looking through the presence of minute vesicles, or, 
when inclining to the pitchstone-type, through abundance of 
minute crystalHtes. 

When perlitic structure is well developed, as may be seen on 
the joint-planes, or by the globular forms on fractured surfaces, 
the rock becomes pale and sometimes pearly in lustre through 
the presence of the minute cracks. Beautiful examples, often 
called ^'Perlites," occur in the Hlinik valley, near Schemnits, 
Hungary, and at Sandy Braes, in Go. Antrim. 

Bhyolite-glass may contain porphyritic crystals, spherulites, 
or lithophyses, and will exhibit in the most perfect manner the 
banded, fluidal, and pumiceous structures. The larger spherulites 
are often hollow at the centre, probably through the action of 
fumarole-vapours and permeating liquids, which have had little 
effect upon the surrounding glass. See p. 98. 

The old glasses altered by secondary devitrification cannot be 
distinguished megascopically from the similarly altered lithoidal 
rhyolites. In North Wales, as on the east flanks of the Glyder- 
fawr, the Ordovician obsidians contain hollow spherulites an inch 
or two across; and the lithophyse-structure is well seen here and 
in the hill to the north of Oonway. 

Speeific Gravity* — About 2'35. 

XL Abundance of colourless imperfect rod-like crystallites 
(fig. 41), and occAaifiOAUjLof the opaque hair-like curving forms 
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known as 'Hrichites/' characterises sections of rhyolite-glass. 
As the pitchstone-condition is approached, the microlites are 
seen to be more numerous and their crystal-outlines can often 
be determined. They rarely build up anything approaching the 
skeleton-crystals of more basic glasses, but aggregate into sheaf- 
like and plumose forms, oflen of exquisite delicacy. The pale 
green hornblende microlites forming feathery groups in the 
pitchstone of Oorriegills in Arran are among the best known 
examples of this axial and curvilinear type of aggregation. 

The glassy matrix is colourless to translucent brown, or often 
colourless with browner bands. 

Spherulitic and perlitic structures can be studied admirably in 





Fig. 41. — Spherulitic ObBidian. 
Beaver Lake, Yellowstone 
Park, U.S.A x 12. Brown 
spbemlitea in colonrleM glass. 
Nnmeroos microlites in floidal 
lines, and minnte colonrlesa 
spherolites, best seen where 
included in the later and larger 



Fig. 42.— Altered Sphemlitio Ob- 
sidian ("Pyromeride"). Wuen- 
heim, Voeges. x 7. Various 
types of perlitio structure are 
seen in the devitrified but once 
glassy matrix. 



rhyolite glass, and they frequently occur together. The perlitio 
obsidians of the Wrekin area, devitrified by secondary action, 
have been figured by Mr. Allport (Quart, Jaum, Geol. Soo., 
1877); and the typical "pyromeride" of Wuenheim in the 
Yosges (fig. 42), with reddish spherulites and perlitic matrix, 
can be exactly paralleled among the glassy rocks of Hungary. 
(See p. 244.) 

Trachyte-Glass. — I. Like rhyolite-glass in most respects, but 
with typically a higher specific gravity (= 2*4), and a greater 
tendency to the production of pitchstone-types. Ischia provides 
many examples. 
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11. Quarts is rare as a porphyritic oonstitnent^ and albite and 
oligoclase become common. Glassy matrix and structures as in 
rhyolite-glass. 

Andesite-Glass in part. — ^The typical glass of the rhyolitic and 
traohytic andesites may rank as obsidian; that of the basaltic 
andesites is tachylytic. 

I. Though the pumiceous types are not distinguishable from 
those of trachyte or even rhyolite, the glasses are less pure and 
are duller in lustre. They are, moreover, rarer in the field, and 
even the pitchstone-types contain so many well developed crystals 
that they readily pass into a lithoidal condition with mere ^'inter- 
sertal " glassy interspaces. 

Specific Gravity. — About 2*6 to 2*6. 

II. The porphyritic crystals are plagioclase, soda-augite, and 
occasionally enstatite, often with biotite and more rarely horn- 
blende. A mesh of felspar microlites may be seen developing in 
the groundmass and foreshadowing the << felted " appearance so 
characteristic of lithoidal andesites. Spherulites, and other 
structures inconsistent with the formation of abundant in- 
dividualised crystals, are rarer here than in the glasses pre- 
viously described. 



II. Tachylytb Group. 

Breithaupt * proposed this term for a basic glass — ^treated by 
him as a mineral — from the Sasebiihl near GSttingen, the word 
indicating ''rapidity of fusion" before the blowpipe. Despite 
frequent misspelling, the ''y" in its termination {ra^vg and 
Xi/r2c) should therefore be preserved. The name appears to be 
synonymous with the " GalUnace " of old authors — a term known 
to Faujas St. Fond in 1778, and derived from the gallinazo, a 
black carrion bird of the Andes. The tachylytes are basic 
glasses, and are naturally of more limited occurrence than the 
members of the obsidian group. Their common characters are 
a £urly high specific gravity, abundant close-set joint-planes, a 
low fiisibiUty (about 2*5), and dark-coloured or even opaque 
sections. Small splinters may show neither transparency nor 
translucency. They become soft by hydration, producing an 
altered mixture of silicates styled " Palagonite ; " when fresh, 
however, they are as hard as obsidian (« about 6). 

Andesite-Glass in part— The glass of basaltic andesite falls 
here. 

* Katkm^B ArchivfOr die ffMcmmU Naiurkhre, Bd. vii. (1826), p. 112. 
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I. Thifl material, even in the pitchstone-oondition, is rare, but 
may be foand on lava-sarfaoes and in some dykes. The colour is 
deep brown to black, but the surface only occasionally attains the 
high vitreous lustre of obsidian. Certain interesting hypersthene- 
andesite-glasses from Hungary show red-brown spherulites in an 
almost dull black ground. These spherulitic types possess ad- 
ditional importance on account of their resemblance to the 
" yariolite " of the Western Alps, Anglesey, &c^ 

" Yariolite " is, in fiict, a form of spherulitic andesite-glass or 
basalt-glass, altered by secondary devitrification. It is dark green 
(or rarely grey-brown) with light greenish white spherulites, 
which are sometimes 2 cm. in diameter. In the typical area of 
Mont-Gen^vre, near the source of the Durance, it occurs very 
extensively as a selvage to the surfaces of much altered andesitic 
or basaltic lavas. In most collections pebbles of variolite occur, 
which have been gathered in the rivers of the Hautes Alpes. 
On some of these perlitic structure may be noticed, the cracks 
appearing of a lighter green tint through the development of 
epidote. 

Specifio Gravity. — About 2*65. 

II. The features of the andesitic obsidians are found here in 
an exaggerated form, and crystallisation is carried to a farther 
extent. Perlitic structure is decidedly rare. The " pitchstone '' 
of Eskdale in Dumfiries is an approach to andesitic tachylyte, 
and is full of well marked felspar crystals (see fig. 36, B). 

The spherulitic varieties repeat t^e general characters of the 
corresponding acid rocks; but the spherulites, which are brown 
in section, may often appear complex, as if built up of rays of 
different composition. Tlus view is supported by the different 
extinctions of adjacent rays or sectors. The constituents of the 
spherulites are markedly pleochroic. 

The glass is typically a yellow-brown, a colour sometimes 
retained in the palagonitic altered examples (fig. 22, p. 196). 
Most of these are, however, green; they show a faint effect 
between crossed nicols, owing to the double refraction of the 
hydrous constituents. By development of magnetite dust and 
minute aggregations of dark crystallites, the glass may become 
practically opaque. 

The variolitic varieties, corresponding to the *' pyromerides " 
of the acid series, have a greatly altered groundmass, in which 
epidote is extensively developed. The spherulites consist of deli- 
cate feathery and branching rays, and lose their sharp boundary 
in specimens collected about 5 cm. from the originid surface of 
ooolmg of the rook. As this ancient glass passes into the lithoidal 
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mass of the lava, areas of radially arranged felspar, which are 
sections of spherolitic groups, ti^e the place of the typical 
spherulites in the slide. 

Olivine-Basalt-Olass. — I. This is the typical taohylyte, and may 
contain porphyritic olivine in the most basic examples. It 
occurs as laya-crusts, scoriaceous or compact (as in Hawaii), or 
as a selyage to dykes (as in the Western Isles of Scotland). It 
has a yitreous to resinous lustre, and is black or blue-black, with 
dull brown joint-surfaces. These are often so numerous that the 
true character of the rook appears only on artificial fracture. The 
typical glass is barely translucent, and the abundance of magne- 
tite dust in some examples makes their powder magnetic. The 
easy fusibility must be noted. 

Dull brown spherulites occasionally appear. Scoriaceous 
slaggy types are common among modem laya-surfaces ; but 
pumiceons types are very rare. The ^Hhread-lace scoria ** of 
Hawaii and the filaments of '* P614's Hair " show, howeyer, how 
somplete a glass can occasionally be formed from oliyine-basalt. 
The basalt-glass of Hawaii forms a scoriaceous crust some 2 inches 
thick upon the layas, and a crust resembling bottle-glass upon 
those in the crater of Kilauea. Laya-flows of glass, comparable 
to the obsidian-streams of the Yellowstone, must not be expected 
in the basic serie& 

Yariolitic representatives of olivine - basalt - glass occur in 
A.nglesey and Oo. Down. See Andesitic Taohylytes above. 

Specific Oramty. — ^About 2*7. Sometimes as high as 2*9. 

II. The microscopic characters repeat those described under 
the andesitic tachylytes. Orystallites of magnetite grouped in 
crosses, and other skeleton-crystals, are abundant in the brown 
groundmass, and spherulitio and sheaf-like aggregates are com- 
mon. When the magnetite is aggregated into little octahedra, 
the glass may be clear brown and translucent; but when it is 
finely disseminated as dust, only the porphyritic crystals can be 
seen in an absolutely opaque black groundmass. Reflected light 
may reveal in such cases spherulitic or other structures. 

The porphyritic crystals may be as intensely corroded as 
those in many andesites. Olivine is abundant as a porphyritic 
constituent in many basalt-glasses fix>m Hawaii. 

The microscopic appearance of ** variolite " has been touched 
on above among andesitic types. The yellow or green ''pala- 
gonites " often represent olivine-basalt-glass. 

Peridotite - Glass. — Chemical analysis must be resorted to 
before a tachylyte can be safely referred to peridotite. It 
may be possible, however, in the field to trace some examples 
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into praoticaUy holocrystallixie rooks conaistiiig of pyroxene and 
olivine only. 

Specifio OravUy, — ^About 2 '85. 

Note.— The glass of the nephelinites, lenoitites, &c., it lo little known 
as to demand no separate description. 



PinaUy, it may be nsefiil to indicate in a general table the 
groaping adopted for the igneous rocks in the foregoing pagea 
The great and important names are printed in thiCK type; 
those of rocks with both felspar and a felspathoid in small 
CAPITALS ; and those of the rare rocks, in which the felspathoid 
entirely takes the place of the felspar, in Ualiea. Nepheline is 
used in the table as the representatiye of all the felspathoids. 
(See next page.) 
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TABLE OF IGNEOUS ROCKS. 



Holocryatalline Tjrpe. 


Hemioryitftlline or Glaasy 
Representative. 


Oranlte. 

EttFite (Qnartz-Porphyry). 


RhyoUte. 


Syenite. 
Compaet Syenite. 


Tpaebyte. 


Nbphblinb-Stxnits. 
GoicPAOT NbphxlinbStsnitb. 


Nbphblimb-Tkaohttb (Nbphb- 
linb-Phoholtcb). 


QuaFtz-DiOFite. 
Quartz-Aphanite. 


Rhyolitie Andesite. 


DiOFite and OabbFO. 
Aphanite and Dolepite. 


TFaehytie and Basaltie 
Andesites. 


Nephbunb-Diobits. 
Nbphklinb-Aphanitb. 


Nxphbunb-Andbbitii (Tephbitb). 


IfephainUe. 


HemicryMtaUme NepMmiU. 


Olivine-GabbFo. 
OUvine-BoleFite. 


Oliyine-Basalt 


NxPHELIKB-OLiyiNB-GABBBO. 
NSPHBLTKB-OUVIKR-DOLEBITB. 


Nbphblinb - Olivinb - Basalt 


OUvine-ITepheliniU. 


inite. 


Pepldotite. 
Compact PeFidotite. 


Hemicpystalline Peridotite. 
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CHAPTER XX. 

MXTAMOBPHIO BOOKS. 

Thb definition of a metamorphic rock must always be a matter 
of opinion. We include here those rocks in which new crys- 
tallme developments, or new structures, or both, haye arisen 
under the influence of subterranean heat, or pressure, or actual 
earth-movement. 

From this point of view such rocks as "epidiorite" and *'flaser- 
gabbro," and many of the Welsh devitrified obsidians, should be 
treated as metamorphic. We must refer back to these, and also 
closely compare our notes on consolidated sedimentary masses 
with the present remarks on their more altered representatives. 

Foliation is the structure most commonly to be met with in 
truly metamorphic rocks. In fine-grained materials cleavage 
may arise, often as a prelude to foliation. Brecoiation, and t£e 
drawing-out of the fragments into folia by earth-movement, are 
closely allied processes, and the rocks resulting from these opera- 
tions may be found passing into one another in the field. 

A. Bocks affected by Contact-Metamorphism. 

The embryo-crystals and ill developed forms in these baked 
and altered sediments give considerable trouble in determination. 
The crystals are often fiir more vague under the microscope than 
in the rock-mass, since their boundaries shade off imperceptibly 
into the amorphous or granular groundmass, while they contain so 
much uncrystallised matter as to present no clear optical char- 
acters. The groundmass may be fused in places to a glass, as is 
the case with the cement around the sand-grains in some altered 
sandstones ; or it may appear practically earthy and unaffected. 
Signs of cleavage, or even a foliated structure, are apparent 
when the minerals have developed along definite planes in the 
rock, which are often, in cases of mere contact-alteration, the 
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original bedding-planes. Some beds may be found to have been 
more susoeptible to mineral changes than others in the same 
aeries. 

Spotted Shale. — I. The shaly mass is full of dark brown or 
blaoK spots and patches, with an attempt at regular outlines. 
These are mere " pigment-spots/' or actual embryo-crystals, 
and show no true faces or specific characters. Mere contact 
with a dyke will sometimes produce this type of alteration in 
the shales or slates around. At times recognisable garnets may 
be developed. 

IL With the microscope the dark spots may show some signs 
of cleavage, pleochroism, <fec., like the biotite patches in the rock 
of Tirpersdori^ Saxony. Many remain, however, in a cloudy 
condition, and remind one of the dusky undetermined matter 
surrounding spherulites in vitreous rooks. Little patches of 
garnet may be picked out by their high refi:«ctive index aiMi 
their isotropism. 

Slaty Bocks with development of Additional Minerals.— Pyrite, 
in fair-sized cubes, is a common product near the junction 
of argillaceous rocks with an igneous mass. Examples may 
often be seen in Wales, either in the Snowdon or the Cader Idris 
areas. Mica^ light or dark, very readily arises along the divi- 
sional planes, and garnets, red-brown and lustrous, are sometimes 
found. Andalusite and staurolite are frequent, especially the 
former, neither mineral being well defined in such cases when 
examined microscopically. Chiastolite is sometimes seen, in 
long well bounded white prisms, in the dark grey groundmass, 
as, for instance, on the flanks of the Skiddaw granite. 

Secondary quartz generally arises in some portion of the 
mass, in the form of white knots or veins, and its introduction 
may have been connected with the hot Hquids accompanying 
the close of igneous action. Small granular secondary felspars 
may also be developed ; and the whole series of changes bridges 
over the gap between mere contact-products and rocks that 
might be attributed to the larger processes of regional meta- 
morphism 

Baked Shale. — I. A very common form of alteration along 
the edges of ordinary dykes. The rock, which may be a volcanic 
ash or a clay, loses its shaly character, and a partial fusion seems 
to take place. It becomes too hard to be scratched with the 
knife, breaks with a fairly good conchoidal fracture, and appears 
like a dull porcelain (" Porcellanite ") to the eye. The colour is 
usually grey or black ; a slight effect of iridescence, as from a 
multitude of minute glancing surfiices, is sometimes noticeable 



Digitized by 



Google 



UBTAMORPHIO ROCKS. 273 

as the rock is turned about in the hand in sunlight. Some 
<< Lydian Stones " come under this heading. 

II. A confxLsed partially melted and recrystallised groundmass 
appears in section, often with rod-like and hair-like microlites. 
When the section has traversed the igneous rock and the contact- 
rock as well, the line between the two is typically sharp ; but 
cases occur where the glassy selvage of the former and the 
metamorphosed sediment simulate one another. Actual trans- 
fusion seems much rarer than one would at first suppose. 

Altered Limestone. — A crystalline grantllar structure may be 
set up in limestones by contact-metamorphism, and only traces 
of previous structures, fossils, or of the original colouring, may 
remain. The magnificent series of silicates developed in the 
limestones of Monte Somma and in Tyrol, by interaction with 
volcanic intrusions, is known to all collectors.* Many '^ Oalci- 
phyres" and " Amphibolites " have no doubt been produced by 
contact-metamorphism, involving sometimes a transference ol 
material from the igneous rock.t 

Altered Igneous Bocks. — The baking of one igneous rock by 
another is a common phenomenon. Andesites thus become 
compact and flinty ; the surfaces of basaltic flows may become 
reddened by oxidation, when heated by a succeeding flow; and 
so on. The most striking changes are, however, produced when 
the rock penetrated melts at a lower temperature than the 
invading rock. (See pp. 216 and 225.) 



B. Bocks affected by Begional Metamorphism. 

Regional metamorphism may result from the heating of rocks 
on a large scale by an invading igneous mass; in this case, 
new minerals may be developed along the bedding-planes of 
sediments, and considerable intermingling of the invaded rock 
and the invader may occur. In other cases, pressure, acting 
over a wide area, is the principal agent of metamorphism, and 
this leads to the granulation of the original constituents, the 

* See Mierisoh, " Die AosworfsbltJcke des Monte Somma," Techerm. 
MUiheil.^ 1886, p. 113. Messrs. Gregory and Lavis have carefnlly studied 
the oriffin of the serpentinous limestones of the same area, and have com- 
pared their structure with that of the supposed fossil EkaoGn {Set, Trans, 
R. Dublin 8oc., ser. 2, vol. v., 18W, p. 269). 

t See discussion in G. Cole, "Metamorphio Rocks in Tyrone and 
Donegal," Trans. B. L Acad., vol. xxzi. (1900), p. 460. 

18 
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deformation or reoonatmction of them as lenticular folia, and 
frequently the entire recrystallisation of the mass. 

The microscope must often be called in to determine if the 
foliation of a metamorphic rock is accompanied by evidence 
of earth-pressures j and the possibility of crystallisation under 
pressure without movement must also be borne in mind. In 
dealing with metamorphic rocks, the evidence obtained in the 
field is of the very first importance. Even here, the numerous 
folds, faults, and thrust-planes accompanying foliated masses 
allow several opposed explanations to be put forward whenever 
a section appears to show the continuity of a fossil iferous 
sediment with a schist The study of deformed and crushed, 
but truly fossiliferous, deposits cannot fail to be of the greatest 
service in this connexion. 



I. Crystalline Limestones. 

The majority of the ^^Marbles" come under this heading. The 
limestones of metamorphic areas become distinctly crystalline, 
and the grains of calcite may attain a diameter of 3 or 4 mm. 
Where, however, crushing has accompanied the change, the 
individual crystals are reduced in size, and the rock becomes 
compactly microcrystalline. The crystallisation, and perhaps 
partial removal, of the non-calcareous matter leave the calcite 
mass often marvellously pure, as in the famous statuary marbles. 
At other times, as in the central Highlands, the rock is typically 
grey, but can at once be distinguished by its softness from 
any associated grey quartzite& Dolomites in a similarly highly 
crystalline condition must be tested with hot acid. Specimens 
of crystalline alabaster (see p. 208) must be compared with 
statuary marbles, and the difference of hardness and specific 
gravity noted. 

Serpentinous veins traverse many of these marbles and give 
^hem a tinge of yellow-green. In some cases the limestone or 
dolomite becomes so permeated, and its original condition so 
obscured, that it must be classed merely as an " ophicalcite." 
Such masses may have resulted from the destruction even of 
igneous rocks containing calcic and magnesic silicates. 

Secondary minerals are to be seen in some limestones with 
the naked eye. The " Cipollino " of the Italians is rich in flakes 
of silvery mica, or sometimes of a brilliant green chromium- 
variety. Brongniart's conveniently named "Calciphyres"* 

* ClasBif, mineral, de» roehea m&angiea, 1813, p. S^OOqIc 
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may contain tremolite, diopside, woUasionite, soapolite, gros- 
salarite, and even felspar.* In treating the rock with acid, 
it muBt be remembered that some of these silicates may be 
destroyed. They commonly stand out, however, on weathered 
surfaces. 

n. The calcite granules are seen to be closely packed to- 
gether, and often interlock with one another and assume 
irregular boundaries. Twin-lamellation is conspicuous. In 
dolomites this is absent, and sections of distinct rhombohedra 
are usually seen (PI. II., figs. I and 2). The accessory silicates 
in the calciphyres are typically colourless in section; but the 
polariscope reveals them by their tints, which are much lower 
than those of the calcite. Serpentinous limestones often 
show ovoid residual grains of olivine (1 monticellite). The 
minerals developed in limestones in the neighbourhood of vol- 
canic vents prepare one for the most remarkable associations 
of silicates in these more extreme metamorphic types (p. 
273), and, by interaction with a slowly cooling igneous mass, 
even amphibolites may become built up on a fairly regional 
scale. 



II. QUARTZITBS. 

I. Prof. Bonney has pointed out how the most altered forms 
of quartzites arise from sandstones that were originally pure, the 
deposition of new silica, and the consequent interlocking of the 
grains into a uniform whole, being impeded by the presence of 
clayey or other foreign matter. We have already described, 
under Sandstones, the ordinary characters of these cemented 
types. In metamorphosed areas, quartzites may resist the 
forces which cleave the surrounding masses or which convert 
them into foliated rocks; and they may thus be useful as a 
clue to the original stratification of the district. By their 
superior hardness and their composition, they stand out in 
white or grey bands and bosses among the more easily decom- 
posing schists. 

Mica often occurs in qnartzite, and, by its primary pre- 

* IbsoI reports the discovery of albite crystals which have formed 
round Radiolarian skeletons in a limestone of Tertiary age. Comptea 
RenduB, 24 F^vrier, 1890, and Ann, del Muwo di (Jenova, p. 91, pis. v, 
and vi, 
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sence or its development, allows of a foliated structure. The 
rock may thus break along new planes which are rendered 
lustrousi commonly by a pale silvery mica. The most beauti- 
ful and regular development of this schistose structure is to 
be seen in many ''flaggy gneisses," which split like finely 
laminated sandstones, and which consist almost entirely of 
quartz and mica. The delicate divisional bands formed by 
the latter may sometimes represent stratification; but they 
may also result from movement under pressure, and must 
be compared in the field with similar planes in the adjacent 
masses. 

n. In truly metamorphic quartzites the deformation of the 
rock and its partial crushing are traceable in microscopic slides. 
Individual grains show bands and waves of colour when the 
section is rotated between crossed nicols, and they are often 
drawn out into wisp-like forms with irregular boundaries, and 
are in part broken away and granulated. Lines of liquid- 
enclosures often run through from grain to grain in fairly 
parallel planes across the rock, solution of the interior of the 
crystals having taken place, perhaps as a prelude to actual 
shearing. (Ck>mpare fig. 19a, p. 140.) 

The grains of felspar and other bodies in quartzites derived 
from grits are similarly distorted, and they may be surrounded 
by a zone of comminuted fragments. Some parts of the rock 
have at last given way altogether, and a fine-grained quartz-schist 
has resulted, with delicate foliated effect. These crushed and 
rolled out portions may appear in a remarkable manner in 
a section, side by side with the coarser granular type of 
rock. 

Oracks abound, but are filled with chalcedony or a fine 
mosaic, which is, indeed, a sort of microscopic granular 
fault-rock. 



III. Olbaybd Books. 

Slate. — I. This is the typical cleaved rock, since only fine- 
grained masses, in which the minute constituents are plate-like 
or acicular in character, can develope the structure with such 
perfection. The stratification, shown by " stripes " of a different 
grain or colour, must be sought for in the field, since cleavage 
and lamination rarely correspond. The common colours of 
slate, as is well known, are blue-black, purplish, and greenish. 
Minute mica scales may develope along the cleavage-planes, 
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and a wrinkling of the latter at the same time produces the 
link with mioa-schist) called ''Phyllade'' by d'AuDuissoni and 
" Phyllite " by many authors. 

The distortion and gradual obliteration of fossils in slates are 
interesting points for study. The original "day-galls" and 
nodules similarly become ovoid, and their longer axes no more 
lie in the planes of bedding. Small &ults are commonly aeen 
in slates which show "stripe." (See Teall, Oecl. Mag,^ 1884, 

pi. 1.) 

Iron pyrites is a common accessory. Magnetite is probably 
frequent, but its little grains are obscured by the dark colour 
of the rock. 

In the field there is often difficulty in realising, on looking at 
a great cliff-wall of slates, that the cleavage-planes are not those 
of stratification. They are here and there emphasised by 
weathering, and iron-rusts form in places so as to mark out 
particular planes. Hence a false appearance of bedding may 
be produced, particularly at a distance. Any hard bed, especi- 
ally sandstone, deposited among the original shales, will readily 
correct such an impression (p. 275). 

II. In sections, all the transparent microlites and grains seem 
lying with their longer axes parallel to one another. Of course 
these may have a yet longer axis in a direction oblique or 
perpendicular to the plane of the section ; but in cases inrhere a 
creep or flow of the materials has occurred, a section is possible 
which shall practically show each particle with its maximum 
elongation. (See p. 135.) 

The impure and darkened groups of kaolin-fiakes, or plates of 
mica, are pressed out or develop as extremely flattened lenticles, 
BO that, when cut perpendicularly to the cleavage-surfaces, fine 
dark lines run parallel and dose-set through the slide. By 
reflected light any grains or crystals of iron pyrites and mag- 
netite are easily seen. (PI JL, fig. 3). 

The transparent constituents consist very largely of mica. 
Rutile seems invariably present, and titanium dioxide commonly 
forms, as shown by analyses, '50 per cent, to *95 per cent, of the 
rock. Beferences to detailed papers on slates by Mr. Hutchings 
are given on p. 199. 

Many slates result from the action of pressure on volcanio 
ashes. The minute pumiceous particles are often traceable, and 
larger crystal-grains occur, some of which contain intruded glass, 
as an indication of their volcanic origin. When the material 
ejected is of basic character, it will be altered to yellowish 
streaky products and is very likely to be unrecognisable. Even 
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in siich cases, fragments of the porphyritic crystals may appear 
in a suggestive manner. 



lY. DiBTiNCTLT Foliated Bocks. 

This group includes the schists and gneisses, the origin of 
which has been so widely discussed in recent years. The 
fact that such rocks may arise at any period in the earth's 
history is now generally recognised. The so-called ''funda- 
mental gneiss" of many areas has again and again been 
shown to be intrusiye in still earlier sediments; while composite 
gneisses are fairly common, which result from the intrusion of 
sheets of igneous rock between the foliation-planes of an earlier 
schist^ or even the bedding-planes of a sediment. Rosenbusch 
(Blemmte der Geateinslehre, 1898, p. 467) uses the term '* ortho- 
gneiss" for gneisses derived from igneous rocks, and "paragneiss" 
for those formed from undoubtea sediments. English writers 
use the word ''schist" for all well foliated rocks tailing short of 
the coarser and more felspathic type termed " gneiss." It must 
be remembered that the French "schists'* and the German 
'*schiefer*' include, in addition, rocks where the lamellar structure 
is due to bedding, and where no secondary miaeralisation has 
gone on. 

In the field these rocks form a most fascinating study, since 
they are associated with the finest mountain-scenery, and assume, 
when unglaciated, the boldest and sharpest outlines. But the 
correlation of closely adjacent portions of the same rock-wall 
must be undertaken with the utmost caution, owing to the 
intricacies of faults and thrusts. As Prof Lapworth has again 
and again pointed out in the N. W. Highlands, metamorphic 
masses may result from the mingling together of pieces of 
completely different formations, so that they cannot be styled 
** altered Cambrian," '* altered Silurian," or so forth, but possess 
no age other than that of the crushing and rolling processes to 
which they have been together subjected. 

Numerous schists and gneisses result from the deformation of 
rocks already holocrystalline, that is to say, of aphanites, 
dolerites^ or granites. Such defbrmation is accompanied by 
some mineral changes ; but the ultimate bulk-analysis of the 
rock may remain much the same. The margins of igneous 
masses or dykes in all contorted or faulted areas are likely to 
show signs of such alteration, and intrusive basic sills are often 
converted into hornblende-schist. 
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Platr II. 
METAMORPHIC ROCKS. 




Fig. 1. 



Fig. 2. 



Fig. 3. 




Fig. 4. 



Fig. 5. 



Fig. 1. — Crystalline Limestone (calcite). Letterbreckan, Co. Galway. x 12. 

Fig. 2. — Crystalline Dolomite. Near Giessen, Hesse, x 12. 

Fig. 3.— Slate (Phyllite type), with pyrite and white mica. Easdale 
Id., Argyll, x 12. 

Fig. 4. — Gneiss formed from crushing of previously fluidal granite, pro- 
ducing mylonitic bands. Carbane, Glenlies, Co. Donegal, x 9. 

Fig. 5. — Gneiss formed by intrusion of aplitic granite along the foliation- 
planes of biotite-schist. Craignay arrow, Co. Tyrone, x 9. 
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The division of foliated rooks into altered sediments and 
altered igneous masses is beset with such enormous difficul- 
ties that we must be content merely to bear in mind the 
possibility of either origin, and to seek diligently for elucida- 
tion in each case as it comes before us in the field. There is, 
however, a growing feeling that the great majority of amphi- 
bole- and chlorite-schists, a few mica-schists, and many gneisses, 
have their origin in igneous rocks ; while in many cases original 
flow, and not metamorphism, is responsible for their special 
structures. (Compare p. 102.) 

We should note that microscopic sections of foliated rocks 
should be taken perpendicularly to the edges of the folia. 

Sulhgrowp 1 — Schists. — ^These are rocks in which the foliation 
is little interfered with by large crystals, and in which the differ- 
ence between the mineral constitution of successive layers is not 
so marked as in the coarser gneissic type. The folia are often 
intensely crumpled; but separation of the rock occurs parallel 
to their surfaces rather than along other divisional planes. 
When garnets, &c., are developed during metamorphism, they 
cause the foliated materials to fold over and flow round them, so 
that the obstacle, with the curving layers meeting again on 
either side of it, resembles an eye. This gives the "eye-struc- 
ture," which is seen on fractured surfaces perpendicular to the 
foliation-layers, and which is far more strikingly developed in the 
gneisses. 

Prof. Lapworth has styled " mylonitic " (fiuXm, a mill) those 
cases where, in section, the larger lenticular constituents are 
surrounded by a cryptocrystalline or amorphous paste, itself 
lying in '^a flowing microscopic tissue of opaque fibres and 
strings," as if thei whole had been ground to flour between mill- 
stones. Such "mylonitic rocks are compact and slate-like." 

Finally, we must be prepared for rocks, truly stratified, which 
simulate schists, from the fact that their materials are derived 
from the weathering away of truly metamorphic rocks. . 

Mica-Schist — I. This is by far the commonest metamorphic 
rock. The lustrous folia of mica, now in broad swelling curves, 
now wrinkled, now bent into the sharpest folds, disguise the 
other constituents and appear to constitute the mass. The 
mica is generally a pale species, and rarely appears black. 
Quartz can generally be detected, sometimes in great segregated 
nodules or in veins. Garnet, red and well seen on fracture, is 
almost always present, and forms little " eyes " in the foliation. 

The use of the thumb-nail will distinguish fine-grained mica- 
schist from talc-schist, in addition to the higher lustre of the 
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mica. With the knife the peonliar grating sound of the mica 
surfaces can easily be detected. 

Sillimanite is frequently present, giving dull white fibrous 
patches, in schists altered by igneous contact. Andalusite or 
kyanite may occur in such rocks, the latter showing its blue 
tint when the hammer crushes it. 

Typical mica-schist has a silica percentage of about 60. 
n. The mica is most commonly colourless, with strings of ill- 
defined greenish and greyish 
matter inter foliated with it. 
Granular quartz and some 
felspar, often arranged in 
streams, occur. The eye- 
structure due to the presence 
of garnets is excellently seen 
in sections (fig. 43). Fibres 
of sillimanite often penetrate 
biotite and quartz. 

In fine-grained examples a 
double wrinkling and foliation 
may sometimes be traced, 
arising at two distinct periods 
of pressure and movement. 

In examining the slide we 
must never forget the solid; 
the sections of mica, for ex- 
ample, are cut from extended 
lenticular patches, the union 
of their basal surfaces constituting the glancing folia of the rock. 
Chlorite-Bchist. — ^L This is quite a rare rock compared with 
the preceding. It is dark green, with black-green scales on the 
surfaces of foliation, and is typically rather fine in grain. The 
softness is characteristic, the whole having a soapy feel in the 
hand. In the field the absence of the glancing surfaces of mica, 
and the general darkness of the rock exposed, mark it out from 
mica-schist. 

Magnetite is the commonest accessory, the rock being very 
poor in silica (perhaps as much as 30 per cent.). The octahedra 
of magnetite, blax)k and metallic, are often beautifully developed 
in the green scaly groundmass, and are sometimes surrounded 
by a spherulite of radial chlorite, which looks like a rosette 
when fractured. 

Veins and little patches of epidote may occur. 

II. The chlorite appears in flakes and fan-like groups; the 
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-Mica-Schist. Saxony, x 7. 
y, Garnet, pale pink, and show- 
ing siffns of cleavage, m, Colour- 
less Mica, bent and drawn out in 
the direction of the foliation- 
layers, q^ Quartz, granular, and 
often elongated parallel to the 
foliation-layers. 
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Cleavage of the mineral is irregular and much disturbed. 
Magnetite is identified by reflected light. Small brown rutiles 
very commonly occur. 

Serpentine-Schist. — ^L This is a common rock in some moun- 
tain-cQstrictSy such as the Western Alps, and is derived, in a 
great number of instances, at any rate, from the crushing of 
altered peridotites. The colour is dull green, lighter than that 
of chlorite-schist ; sometimes blue-green or purple. The foliated 
surfaces are soapy-looking, and bent in fairly broad folds; 
slickensides abound. The rock, indeed, breaks in the field along 
joint-surfaces and slickensides quite as often as along the planes 
of foliation. 

Some few serpentine-schists can be traced into more normal 
types of schist, and appear to result from the permeation of 
aluminous schists by serpentinous matter. The percentage of 
silica in serpentine-schist is about 40. 

n. Sections generally show excellently the folding and move- 
ment undergone by the soft yielding rock. The whole field is a 
pale transparent green. Garnet, epidote, and magnetite may occur. 

Talc-Schist. — ^I. A somewhat rare magnesian schist, light in 
colour, generally pale greenish or pure white, with a silvery 
and pearly lustre. The rock feels soapy to the hand, and its 
hardness » 1. 

Quartz grains and patches often occur, and needles of actino* 
lite may be scattered on the foliation-surfaces. 

The silica percentage rises at least to 55, being reduced from 
that of pure talc by presence of mica, &c. 

n. The talc is more easily distinguished in the mass than 
in section. Quartz granules form quite a mosaic along certain 
bands, and are commonly abundant. 

Amphibole-Schist. — Many ** Amphibolites " come here. 

I. Next to mica-schist, Hornblende-Schist is one of the com- 
monest metamorphic rocks, and results in very many cases from 
the foliation of altered basic igneous rocks. The rock is commonly 
green-black, with a lustre due to fibrous or somewhat plate-like 
hornblende, quite distinct from that of a dark mica-schist. The 
layers of hornblende, which are less crumpled than those of mica- 
schist, may alternate with thin lighter bands of felspar, quartz, and 
sometimes epidote. Dark mica is an accessory, and often arises 
from the action of invading granite on the amphibole of the schist. 

The rock breaks more readily along joints, and more evenly 
on cross-fractures, than micarschist, since the materials are 
granular and idiomorphic rather than spread out into lentides. 

In the field, dolerites and aphanites can be seen to pass into 
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homblende-BchiBty the rock being often only an extreme type of 
" epidiorite.'' * Even coarse gabbros, after some intermediate 
stages of mineral change, become rolled out into an almost 
mylonitic condition and form granular homblendic schists. 

The silica-percentage is about 50. 

n. The hornblende is small ; granular or idomorphic ; some- 
times fibrous and coarser. The typical cleavages and pleochroism 
can be seen. Bands of granular clear colourless matter occur, 
which show between crossed nicols a mosaic of low colours. 
These consist, in the majority of cases, of granular felspars, as 
may be determined with convergent polarised light. Twinning 
can be seen in some of the grains, and they consist of lime- or 
lime-soda-plagioclase, which has recrystallised in this condition. 
(See also << epidiorite," pp. 226 and 229.) 

Pritfms of yellow or colourless epidote, or of zoisite, may 
be abundant. Pale pyroxene, sphene, and garnet should be 
looked for. Iron oxides, titanic or not, and rutile, are very 
common. 

The amphibole may extend its boundaries by additions from 
the metamorphic mixture round it, when subjected to a new 
stimulus, such as the invasion of a granite magma. 

Oth^ VcMriuUs of Amphibole Schist — ^Actinolite Schist. A 
pale or bright green variety, of limited occurrence, containing 
needles of actinolite. The name is sometimes given to a talc- 
schist with actinolite from the St. Gotthard above Airolo. 

Glauoophake-Schist. — I. This rock occurs in very important 
masses in the southern Alpine valleys, particularly near S. 
Marcel, in the Yal d'Aosta; and it has been found near the 
Anglesey Monument, on the Menai Straits, by Prof. Blake. 
Probably it is of wider range, but has been overlooked. Its 
colour is a characteristic slate-blue grey, deepening almost to 
black, but distinct from the green-black of common hornblende- 
schist. The prismatic habit of the glaucopbane gives a silky 
lustre when this mineral is abundant. Faint yellowish veins of 
epidote traverse the rock, and this mineral is also found through- 
out the foliation-layers. 

n. Glaucophane, with its beautiful pleochroism and prismatic 
forms, abounds. Pale yellow epidote and quartz are commonly 
present. Garnet, in pink grains, occurs in the " eclogite " types. 
Butile is well developed at St. Marcel. 

Eclogite (Haiiy, 1822) and Garnet- Amphibolite. Consists of 
pyroxene or amphibole, or both, with garnet. Triclinic felspar 

* See i^rticTilarly Teall, Quart, Joum, Qeci. Soe.^ vd. xli. (1885), p. 133» 
and British Petrogr., p. 198, plates xix. and xx. 
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and quartz are usually present in granular forms. From coarse 
and sometimes schistose types, these rocks shade into the 
granular pjrozene-diorites and pyroxene-granulites described on 
pp. 230 and 286. In sections, the pyroxene is usually pale 
green, while any hornblende present ophitically includes the 
other minerals. The garnet is ofben grossularite. The typical 
mode of occurrence of these rocks is in the form of blocks, large 
or small, entombed in gneiss or granite. Their connexion with 
intense thermo-metamorphism may be regarded as certain, and 
the original rocks, though all were probably rich in lime, may 
have been of very varied nature. 

Calc-Schist. — L This is the schistose representative of the 
limestones with accessory silicates, these minerals forming 
lustrous specks and rods upon the planes of foliation. Most 
commonly the rock is a schis- 
tose " cipollino " (see p. 274), 
the predominant silicate being 
pale silvery mica. At Shin- 
ness, in Sutherland, amphibole 
(tremolite, dM).) is developed 
in calo-sohist. 

The knife readily detects 
the true character of the rock. 
Its colour is white to grey, 
and its general paleness makes 
its exposures in the field a 
contrast to those of the schists 
associated with it. Since it is 
fiur less fissile than ordinary 
schists, it can be quarried in 
regular blocks like other lime- 
stones. When treating the 
rock with acid, it must be 
remembered that calo-schist 
includes schistose dolomites. 

II. Nothing need here be 
added to what has been said 
under the head of crystalline 

limestones (see also fig. 23). The silicates may be examined 
separately, if necessary, after treatment of the rock with acid. 

Quartz-Sohist. — Foliated quartzite with mica^ &o. (see fig. 44). 
See account of quartzites, p. 275. Also granulites. 

Sub-group 2---Gnei88e8. — While these may be regarded as 
coarsely developed schists, it is the felspathic element that^ by 




Fig. 44 — Ancient Ccmgloiiierate. 
Chariton Hill, Shxomh£e. x 7. 
db. Diabase, f.q, Iv^liated quart* 
site, p, Qritty sandstone with 
oementmg material g, Qnartzlte, 
•e, Schist, with characteristic oat- 
line, unlike the adjoining pebbles^ 
due to its breaking along the folia- 
tion-surfaces. Tms oonglomeratek 
probably itself Pre-Cambrian, gives 
evidence of the existence of ma- 
terials which have been metamor- 
phoied at a still earlier date. 
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its prominence, marks them off most distinctly from the fore* 
going sub-group. There can be no doubt that an immense 
number of occurrences of gneiss are due to the action of earth- 
movement upon igneous masses; and the very remarkable work 
of Lehmann in Sazonj and Lawson* in Canada shows how this 
difficult question may be attacked and investigated in the field. 
Because a coarse gneiss accompanies and is seemingly inter- 
stratified with a series of schists, we must not conclude that it 
formed part of the original deposits of the locality, since it may 
result from a series of later parallel intrusions. 

Some gneisses owe their foliation to original conditions of 
consolidation (see p. 102), and are therefore not metamorphia 
In sections of such rocks the larger constituents will not be 
surrounded by mylonitic matter, as in gneisses that have been 
foliated subsequently to consolidation. On the other hand, 
modem research seems to confirm the old view that gneisses may 
be formed from sediments by extreme contact-metamorphism 
(see Barrow, Qua/H. Jowm, Oeol. Soc. ,voL zlix., 1893, p. 343, 
and Callaway, ibid., vol. liv., 1898, p. 374); in such cases, as 
well as in those where pressure has operated without movement^ 
strain-shadows and mylonitic envelopes will similarly be absent. 

I. The gneisses, through the presence of compact bands or 
crystal-knots of felspar, quartz, £c., and through the coarseness 
of the foliation, do not split so readily as schists. A large 
specimen must often be chosen in order to show the foliated 
structure. Eye-structure is magnificently displayed, as in our 
own Hebridean rocks or in the <*Protogine" masses of Mont 
Blanc. Sometimes the white felspar eyes are embedded in a 
foliated ground of dark mica or hornblende. Where banding 
occurs, the bands do not consist of layers of distinct minerals, 
as is very commonly stated, but rather of distinct rock-types. A 
common and striking form of banded gneiss occurs when granite 
intrudes along the foliation-planes of a mica-schist, or streaks 
out in its flow partly digested inclusions of basic rock (PL 11., 
fig. 5). 

Whatever the origin of the felspar, it clearly existed in a 
number of cases before the deformation of the mas& All the 
characters shown by felspar in granitic rocks are repeated among 
the gneisses. The micas and ferro-magnesian constituents are 
often quite scanty ; but quartz is exceedingly common, both in 
knots and bands. Large garnets, and sometimes cordierite, 
occur accessorily. 

* « Geology of the Rainy Lake Region." Ann, Eeport Canadian Survey 
for 1887. See also Seymour, " Metamorphism of an Andeaite/' Scu Froc 
-R. Dublii^Soc,, voL ix., 1903, p. 568. 
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Though occasionally sinking to 60, as in gneisses rich in 
hornblende or biotite, the percentage of silica is very often 
above 70. This statement excludes the exceptional basic gneis- 
soid rocks that are produced from diorites and gabbros, often by 
original flow. 

n. The section must be as large as possible. The quartz is 
in irregular granules, often obviously crushed into a mosaic- 
condition and spread out into streams. The micas, often biotite, 
occur in rather small crystals, and their foliated arrangement is 
much disturbed by the coarse hard crystals over which they are 
pressed. The larger felspars 
show microcline structure and 
cross-twinning in many cases, 
and are evidently under con- 
siderable stress; they may be 
surrounded by granulated por- 
tions removed from them and 
spread out round them. 

In fact, the characters of a 
deformed igneous rock are again 
and again displayed in sections 
(PI. 11, fig. 4). 

Cordierite, when it occurs, 
must be first studied in the 
rock itself. Its sections are full 
of bent and tuft-like fibrous 
inclusions of sillimanite. 




Pig.45.— Gabbro-Gneiaa. LeChen- 
aillet, Mt. Gen^rre, Hautes 
Alpes. h, Secondiuy horn- 
blende, often in bands and 
■trings of crystals, p, Granu- 
lar seoondary Plagioclase, 
forming colourless layers, act. 
Original Plagioolase, now 
" saussuritic," and forming 
occasional ''eyes/' like that 
in the upper part of the field. 
Foliated structure. 



Varieties of Gneiss. — Gabbro- 
Oneiss (fig. 45). — This is a type 
of many gneissoid rocks found, 
as above remarked, on the mar- 
gins of true igneous masses. 
The diallagic pyroxene is re- 
duced to brown knots and eyes, with a stream-like development 
of secondary amphibole formed round it and connecting the 
residual crystals one with another. The felspar, which has 
already become saussuritic in the true gabbro, is drawn out into 
foliated bands, and more transparent secondary granules have 
arisen, as in so many epidiorites.* 

Almost all gneisses, however, resemble metamorphosed granites 
or quartz-diorites. More complete knowledge may show us that 

* Roth regards many of these diallase-plagioclase rocks as non-eruptive, 
and gives them the special name <<^btenite." Allgenu il chem, Oeol,, 
Bd. it, p. 18i. 
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basic types do not appear freely — firstly, because ibe composition 
of sucb rocks, whether they are sedimentary or igneous in origin, 
is not suited to the development of large felspars and coarse 
structures under metamorphic action eonMnad wiih movement; 
secondly, because any such bolder crystals already existing in a 
primary basic mass become, from their composition, r^Bulily 
broken down; these reorystallise in granular and microlitic 
forms, so that the ultimate result of earth-pressure is a fine- 
grained rock which one would class without hesitation with the 
schists. To take an extreme case, serpentine-schists abound; 
but an olivine- or a serpentine-gneiss would seem a structural 
impossibility. 

On the other hand, highly silicated rocks seem more abundant 
in the outer layers of the earth's crust, and thus account for the 
large areas of gneiss. The occurrence of basic rocks appears 
to be more of the nature of an accident, and due to the local 
protrusion of matter from a lower level, or to the refusion of 
material already so protruded. 

^o^e.— Qranulitb is a term for a great group of rocks, mostly meta- 
morphic, which have as a oommon character a fine-grained granular 
structure. They are of a most varied composition, and must be regarded 
as structural varieties of a number of well-known rocks. The remarkable 
*'trap-granulites" appear related to the granular diorites and gabbros (p. 
290), and their constituents are probabljr recrystallised products, being 
clear and beautifully fresh under the microscope. Recent research in 
Germany tends to show that such rocks arise as nroducts of thermo- 
metamorphism ; and their constituents ma^^ be derivea partly from altered 
sediments and partly from the invading igneous rock. Mr. Harker baa 
described similar pyrozene-granulites as resulting from the immersion of 
basalts in the granite magma of the Isle of Skye (''Igneous Rocks of Skye," 
Oeol, Survey, 1904, p. 115). At the opposite extreme are the common 
quartzose granulites, which are granular quartzites, often with accessory 
minerals. Some of the Swedish ** halleflintas " are metamorphic products ; 
others may be eurites or old lavas. 

Many of Hatty's "Leptynites" (a name given because the felspar particles 
are ** thinned down" in their dimensions) are felspathic granulites; but a 
more precise name can often be assigned to them in the field, when they 
prove to be granular aplites, or eurites containing mica derived from 
adjacent schists, or even felspathic sandstones altered by contact-meta- 
morphism. 

The common microscopic character of the granulites is the occurrence, as 
above steted, of a fine-grained granular structure. Foliation may be also 
visible, but is not necessarily distinct so far as sections are concerned. 
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PART IV. 
THE EXAMINATION OF FOSSILS. 



" The search for » foasil may be considered tm least as rational as the 

Sursuit of a hare."— William Smith, Stratigraphical System of Organized 
'anils, 1817. 
*'Neqae mirandum in mediterraneis, et montibns altissimis reperiri 
animalia maritima in lapides conversa, non enim absurdnm est, noique 
mare eztiti8se."--CAiESALPiKi78p De MetaUieis, 1696l 



CHAPTER XXL 

INTRODUCTOBT. 

Thb exact determination of fossil species is a matter rather for 
the specialist than for the student or the geologist in the field. 
The proximity of good libraries and continually revised museum- 
collections is essential for the comparison of the specimens col- 
lected with accurately defined types of species. But every 
geologist should be acquainted with the principles that guide 
the palaeontologist, and with the points on which he relies for 
the discrimination of the more important genera of fossil forms. 

There are certain names that are household words among 
geologists, although possibly of little interest in pure zoology. 
Every reader of text-books encounters Phacops and ProduetuSy 
Trigonia and Limncea, He collects, moreover, with enthusiasm in 
the field, where he views, among limestone scarps or delicately 
bedded shales, a fauna almost in its habit as it lived. In leisure 
hours he endeavours to connect what he brings home with the 
types selected by stratigraphers. In the following pages, there- 
fore, we propose to give an outline of the characters of the most 
typical and abi)ndAnt fossil genera, confining ourselves to inver- 
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tebrates and mainly to forms well known in the British Isles. 
Prefixed to the account of the members of each class is a kind of 
glossary of the terms ordinarily nsed in the description of such 
of their parts as are found fossil. It is hoped that by this means 
the reality of the distinctions made between the remains of 
certain genera^ and the reality of the relationship between 
others, may be adequately grasped, and that attention may be 
called to the features which should obtain prominence in the 
description of a fossil form. 

Such features may or may not possess importance to the 
Boologist. It must be remembered that we are here examining 
fossils from a rather limited and geological standpoint, our first 
consideration being, what is the age of any series of deposits, and 
secondly, what were the conditions prevailing in the area under 
examination at the time that any particular bed was being laid 
downl We have examined the mineral features and have 
classified the rocks. The age of the deposits is a matter of 
paramount interest and importance, and the species of fossils are 
our surest guide. The assemblage of genera will, however, be of 
very considerable service in the absence of means of accurately 
defining species; and this assemblage, moreover, will generally 
> answer the question as to the prevalence of fresh-water or marine, 
shallow-water or deep-water conditions. 

Hence, while the philosophic zoologist may be inclined to 
think lightly of elaborate specific distinctions, the geologist 
has to consider animals and their remains from a position 
peculiarly his own. While a ssoologist looks vertically down 
each lonfi; chain of life-forms that has yielded us an existing 
species, the geologist endeavours to look horizontally across aU 
the lines at once, cutting, indeed, the complex structure of 
chains, continuous or bifurcating, with a plane that comes in 
contact merely with the contemporaneous links. 

Moreover, he has to deal almost entirely with the hard parts 
of his animals, or with the mere leaves of plants dissociated from 
reproductive structures. His fossils must be classified largely 
by conjecture, and often by means of characters, as we have 
pointed out, of doubtful zoological value. 

In this little book we deal purely with the relics known as 
fossils, not by any means ignoring that most fisMcinating science, 
palaeontology, but looking merely at one branch of it, which we 
might term ^* sclerography," the description of hard parts only. 
Questions of life-history, animal structure, or relationship with 
modem forms, we mast leave to loologioal and paleontological 
writers; and we need scarcely add that an acquaintance with 
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such matters is pre-supposed in every serious student of fossil 
remains. The worker who would, for the purpose of an examina- 
tion or the labelling of a collection, go through the following 
pages without looking beyond them, without endeavouring to 
picture a fossil as part of a living moving fauna, may acquire a 
number of disconnected facts, but will scarcely be in a position 
to apply any one of them to the explanation of stratified deposits 
in the neld. 

The order in which the classes of organisms are here arranged 
is purely utilitarian. The Hydrozoa, Actinozoa, and Polyzoa, 
have thus been treated in succession, owing to the difficulty 
sometimes experienced in correctly assigning a fossil colonial 
organism to any one of these divisions. The Lamellibranchiata 
follow on the Brachiopoda, so that the contrasts between the 
two groups of bivalve shells may be emphasised. The Echino- 
dermata and the Annelida thus obtain a somewhat late position ; 
but even zoologists will hardly object to the splitting- up of the 
heterogeneous group of " "Vermes." 

The genera selected are arranged simply under their respective 
classes, and occasionally orders, without division into families. 
The aUiance between any two or more forms that may be dis- 
cussed is, however, pointed out, and a black line between two 
descriptions marks the passage to a fresh group of types. Such 
descriptions as are here given cover only a small portion of the 
ground, and, when a specimen under examination fails to agree 
in essential features with any of those quoted, its characters 
should be written down, and comparison made at the first 
opportunity with examples in museums and with the details in 
special works, such as the volumes below mentioned or the 
publications of the Palseontographical Society. Practice in 
describing fossils will naturally develop greatly the observation 
of their essential structures. 

The division of fossil forms into marine, brackish-water, or 
fresh-water, is naturally difficult in some cases ; and to reason 
from analogy with modern forms is likely to be misleading. 
But, from the association of one fossil genus with another, and 
from the physical characters of the strata in which they lie, we 
can add information on this important point with confidence in 
the case of most of the common forms about to be discussed. 



Works oh Animal Paljeontoloot. 

F. BEUNABD.-^l^mentB de Pal^ntologie. BailU^re, Pftris, 1895. Very 
well illuatrated. See note to Zittel helow. 

19 
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P. FiaoHXR.— Manuel de Conchyliologie. Savy, Parifl, 1887. On the 
tines of Woodward'B work, extended andbrousht admirably up to date. 

HoBRNBS.— Elemente der Palaeontologie (PaJaeozoologie). Yeit. Leipzig, 
1884. (Also a French edition by Dollo ; pub. by Savy, Paris, 1886). A 
handy one- volume work. 

NiOHOLSON AKD Ltdskk£R.— Manual of Paleontology. Bhickwood, 

1889. 2 vols. 

Phillips.— Manual of Geolos^. (Physical Geolosy, Stratigraphy, and 
Palsontolooy.) Edited by R. Sthsbidos and H. (JTSeielbt. G. Griffin 
ft Ck)., London. 2 vols. 

QnBKSTiDT.— Handbuch der Petrefaktenkunde. Laupp, TQbingen, 1885. 
2 vols. 

Stbinmakn.— Elemente der PalSontologie. Engelmann, Leipzig, 1888- 

1890. (Especially clear figures.) 

H. Woods.— Elementary Paleontology; invertebrate. Cambridge Univ. 
Press. 3rd ed., 1902, 

S. P. Woodward. — Manual of the MoUusca. let edit. pub. by Weale, 
1861-6. Now pub. by Crosby, Lockwood k Co. Includes modem forms, 
and is in many respects a classic. 

A. Smith Woodward.- Outlines of Vertebrate Palseontology. Cam- 
bridge Univ. Press, 1898. 

Zittxl.— (i.) Handbuch der Palaeontologie. Oldenbourg, Leipzig, 1876 
and onwards. (French edition bv Barrois ; pub. by Doin, Paris.) 4 vols. 

(ii.) GrundzUge der Palaeontolo^e (Palaeozoologie). 2nd ed., 1903-5. 
This involves many revisions of points in the previous "Handbuch," and 
like the work of JBemard, forms one of the most comprehensive works 
eitant. A considerably modified English version by C. R. Eastman and 
others is published by Maomillan (3 vols., 1900, &c.). 



Mode of Oocubbknok and Prbsbryatioii of Fossils. 

Some rocks, from their mineral and physical constitution, are 
admirable preservers of fossils, while others contain few or, per- 
haps, none. In this latter case diligent search must be made 
for casts and impressions, and concretions of ironstone, silica, 
kc., must be examined for their included and protected fossils. 
Even if there are no fossils, it may still be possible to correlate 
the strata with others in which fossils are abundant. 

Thus sandstones are often devoid of fossils for various reasons. 
Apart from their permeability, the coarser grits and the con- 
glomerates would be likely only to contain fragments, since the 
materials would grind delicate shells to pieces during the actual 
deposition of the rock. 

Olays preserve shells excellently, but extraction when the 
rock is moist is almost hopeless. The dried talus at the foot of a 
clay-exposure, or the small rubbly lumps thrown aside in a brick- 
pit and broken up by sun-cracks, may be turned over with great 
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advantage. Now and then slabs or lamps can be cut oat and 
allowed to dry slowly on a shelf at home. (See p. 198.) 

The concretions of calcareous or phosphatic matter, or of claj- 
ironstone, in dajs must be broken open in the search for fossils, 
since thej split fairly along the planes of bedding and often 
reveal shells in excellent condition. 

In clays the fossils are often pyritised, the material being 
commonly marcasite, the decomposable fonn. Oasts, true pseu- 
domorphs, and nodular concretionary aggregations surrounding 
fossils, occur in this material. The cubic iron pyrites (pyrite) 
is stable; but the less lustrous maroasite goes to pieces gradually, 
and specimens become reduced in the cabinet to an efflorescent 
powdery mass. Ooating the fossil with varnish, or boiling in 
paraffin, will retard, if it will not entirely stop, this very 
deleterious process. 

Limestones are a fruitful source of fossils, since they so com- 
monly originate in the accumulation of organic remains. But 
the extraction of individual specimens is often difficult enough. 
We have mentioned this matter and the cleaning of fossils when 
dealing with the limestones as rocks. Suitable specimens will 
often occur weathered out in the water-ways of the rock, whether 
joint-surfaces or conspicuous planes of bedding. In compact 
limestones the edges of the fossil shells are again and again seen, 
but recognisable forms are only to be obtained by turning over 
blocks that have been long exposed upon the talus, or by splitting 
mass after mass until a fortunate fracture occurs which passes 
round and not through some resisting fossil. 

In dolomites the shells, corals, <fec., are often lost by solution 
and reorystaUisation during the mineral changes in the mass. 

In all limestones fossils are liable to be preserved as casts 
in flint, or other varieties of chalcedony. The shell itself breaks 
away on disintegration of the rock, and the siliceous casts are 
found as " derived fossils " in gravels of far later date, as on the 
Surrey Downs. 

Pseudomorphs or casts in carbonate of iron, hsBmatite, &<i,, 
may be expected 

U nder the head of Shelly Limestone reference has been made 
to the work done in the determination of the constitution of 
shells — i.0., whether they consist of calcite or aragonite (p. 201). 
Some, as Lingula, contain a great proportion of phosphate of lime. 

We have eJso mentioned various modes of extraction of small 
fossils from clays, &o.* Such isolated specimens may be mounted 

* For ** Modem Methods in the Study of Foesik," see A. S. Woodward, 
Proc, Ged. A»9oe„ voL xix. (1906), p. 69. 
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like sand-grains, either as opaque or transparent objects. Many 
collectors mount larger fossils with fish-glue or other cement, 
upon wooden tablets, the label being affixed below; but both 
surfaces of the shell should be represented, and for all collec- 
tions a loose specimen in a card tray * is probably best The 
specimen should have a number upon it, corresponding to that 
on the label in the tray. Small forms can be conveniently 
kept in little glass specimen-tubes with corks, which are to 
be obtained of any dealer in natural history objects ; they can 
thus be inspected easily from all points of view without actual 
handling. A labelnslip can be written and placed within the 
tube itself. 

Collections, of course, vary greatly according to the district 
which it is most important to represent. In our concluding 
pages we give a suggested list of typical fossils from the principal 
divisions of the strata of the British Isles, with a few foreign 
additions to render the series more continuous from the (H)int 
of view of geological time. It is very easy to improve upon 
this list by the addition of further forms ; but we trust that as 
a basis, and as the nucleus of a collection, it will be found to 
be fairly representative. Some of the forms, such as Olenellus, 
though very characteristic when found, are too rare to have a 
a place in ordinary collections. 

Lastly, in procuring characteristic fossils, we must carefully 
note in the field the distinction between the remains of animals 
that were contemporaneous with the deposition of the strata and 
those which have been washed in as derived fossils from earlier 
formations. The effects of rolling and rounding on the latter 
can generally be detected, and suc£ fossils have often, moreover, 
undergone considerable mineral change. They may also be 
found to be filled with material differing from that by which 
they are now surrounded — a very useful and interesting 
observation. 

* Sueh trays coat about 58. to 10b. a groM, aocordlDg to size. Mr. A. 
Kent, 11 Nassau Street, Shaftesbury Avenue, London, is a well-known 
maker. 
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Table of the Terms used ik bbfebbino to the Geological 
Formations. 



O 

CS] 

O 



o 

CS] 

O 

OQ 

S 



Post-Pliocene and Recent (including the present time). 

Pliocene.. 

Miocene. 

Oliqocenb. 

Eocene. 



Upper Cretaceous | (^^'.5^^' """^ ^^^ ^^^^ ^ 
( Britain). 

LowBB CbktaokoosI <'^*^ *^^«'^ *"** ^' ^o'^^ 
\ m Britain). 

( Upper {Oxford Clay to Purbeek; with TWwnian). 
Jurassic. I Middle {Mi^ford Sands to Cornbrash). 

{ Lower {lAcuj, 
Trias (including BhceHc): 



O 
04 



Permian. 

Carboniferous. 

Devonian. 

Gotlandian* (Llandovery to Ludlow Series in Britain). 

Ordovician (^ren^ to Bala Series in Britain). 

Cambrian {Taeonian to Tremadoc Series in Britain). 



^o/e. — Bange of Genera. — it must be borne in mind that the range of 
a genus in time, as stated in text-books, must always be liable to extension 
through new discoveries. Hence it is of more importance to realise the 
time and conditions of maximum development of a ffenu9 than to define its 
exact horizons of appearance and disappearance, which, indeed, can never 
be more than approximately known. 



* This term was proposed by Be Lapparent (*' Traits de G^logie," 3rae. 
6d,, )89.3, p. 748) for the *' Upper Silurian," as a parallel with Lap worth's 
"Ordovician" for the ** Lower Silurian" strata. 
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CHAPTER XXIL 

VOBSIL OBKBBIO TTPBS. 



1 Rhizopoda. 

A. FOBAMIMIFBRA. 

MoDBRN forms of the shells of these protozoans may almost 
invariably be sifted out, or selected hj the eye, from the finer 
material of our beaches. While some are built np of affgluti- 
nated sand^grains, spicules, &c, (*' Arenaceous " typei^, the 
majority met with are calcareous. The latter fall into two 
divisions, the "Imperforate" types and the "Perforate,'* so named 
from the absence or presence of minute perforations in the shell. 

Under the microscope, the calcareous shells, when isolated, 
are not so perfectly transparent as the siliceous shells of the 
Badiolaria; in the perforate forms the minute tubules of the 
walls give fragments a fibrous effect when viewed sideways, 
and a pitted effect when looked at from the outside or inside 
of the shell. With crossed nicols these calcareous shells show 
the dark cross due to the fibrous aggregate structure (p. 149), 
.and their anisotropic character is a ready means of distinguish- 
ing them from the istropic siliceous skeletons of radiolaria, 
sponges, or diatoms. 

Glauoonite is frequently found in association with these shells, 
partially or completely filling the chambers with a darkish 
green deposit. Oasts are thus formed of the interior, and may 
remain in rocks after the complete removal of the shell. 

Some practice will be required in picking out foraminifera 
from among other small shells, such as young gastropods and 
bivalves, which may only distantly suggest the corresponding 
adult forms. In sections, the chambered character of all typical 
foraminifera is sure to be successfully revealed. The mode of 
making sections of isolated forms is described on p. 129. 

For a correct appreciation of the characters and variety of type 
of this important rock-building group, we may refer to the plates 
illustrating Mr. Brady's magnificent " Challenger" Report 
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(a.) ImperfoToie CcicofrwuM ShelU. 

Shells probably formed of aragonite, and resembling white 
porcelain (whence the group-name ''Porcellanea") j without per- 
forations in the extemsd wall, excepting at the terminal ''mouth" 
or along the outer &oe of the last series of chambers in some 
ooiled forms (as along the margin of Orbitolites). Marine; 
generally shallow water. 

Miliom (or " Miliolites''). — ^Formed of pillow-shaped chambers 
which succeed one another in a spiral, the plane of which is in 
some yarieties shifted during growth. The chambers lap round 
and conceal the preceding ones partiaUy or entirely, and many 
subgenera have been established on variations in this character. 
Sections are, however, very characteristia Tricu to BeeerU; 
particularly Ccnnozoic. 

(6.) Per/or<Ue Calcareous Shells, 

Galcite shell, transparent and glassy-looking (''Yitrea'') in 
modem examples, with abundant perforations over all the 
sur&ce. The filUng-up of these pores gives fossil examples a 
duller appearanca Long delicate spines project from the sur&oe 
of some genera, but are very rarely seen, even as stumps, in 
preparations. Marine ; shells found at 2,500 &thoms at present 
day, but they often sink from surface. 

Lagena. — A single chamber shaped like a Florence-oil flask, 
with or without an elongated neck. Surface smooth or ribbed. 
Ootkmdian to Reoent 

Nodosariae — ^A series of Lagena-like chambers succeeding and 
partially overlapping one another in a straight line (a curved 
variety is called fiemaMna). The last and largest chamber shows 
a terminal mouth, corresponding to the neck in Tiagena, (7ar- 
honifartyuB^ but mostly later and Recent 

Textulariai — Chambers in two series, united along one side, 
those on one hand alternating with those on the other. Viewed 
sideways, this gives the effect of plaited work, the chambers 
being elongated in an outward direction. Arenaceous forms 
with similar structure are common. Particularly Cretaceous. 
Closely allied forms abundant in Carboniferotis, Also Recent. 

Globigerina. — Chambers spheroidal, agglomerated on one 
another and partially overlapping, often with a trace of spiral 
arrangement, the largest and latest chamber bavins a slit-like 
mouth. A very common pelagic form. Trias to Recent; par- 
ticularly Cretaceous and Cainozoia. 
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Botalia. — Chambers Bucceeding one another in a spiral, all the 
coils of which are visible* on the upper surface. In sections the 
septa between the chambers are seen to be double, and there is 
a very interesting approach to the canal-system of the walls of 
the Nummulinid®. Jurassic to Recent; abundant in Cretaceous 
and onwards. 

Nommulites (fig. 46). — Chambers arranged spirally and entirely 




Fig. 46,—Nummvlile8 IcevigcUua (Bracklesham Beds). (1) Viewed from 
above; (2) vertical section; and (3) horizontal sections, embedded 
in the rock. 

embracing the earlier coils, thus imitating some types of 
ammonite. The whole form consequently becomes lenticular, 
and the great number of the chambers is only realised on 
fracture. The shell breaks easily across, in the rock or when 
isolated, and shows on its circular sections a close spiral with 
numerous curved septa, and on its cross-sections the extended 
saddle-like shape of the chambers, their investing prolongations 
being crossed by little bars. The shell often measures 2 or 3 cm. 
in diameter, and sometimes as much as 6 cm. The surface is 
typically smooth, sometimes showing wavy linear markings. 
An undulated folded appearance is characteristic of the larger 
specimens. The great size of this foraminifer and its abundance 
on certain horizons make it an important rock-constituent. 

In a sub-genus Assilina the coils do not overlap, so that the 
spiral form is visible at the surface. 

In section the septa are seen to be double, and the ''inter- 
mediate skeleton " with its canal-system is well developed, the 
walls being greatly thickened byit. 

Carboniferous to Recent, Very abundant in the Eocene 
('< Nummulitic strata"). Small forms still living. 

Orbitoides. — In form, size, and outer appearance much like 
Nummulites, but shows when broken across a great number of 
small chambers lying in layers above and below a median band 
of more regular and larger ones. In sections parallel to the 
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layers, the chambers ot the median layer Are seen to be divided 
from one another by straight septa, which alternate in position - 
in the snccessiye coils of the shell. Canal-system well developed 
between the chambers and in the septa^ 

U. Cretaceous to Miocene. Very abundant in Eocene, 
Fasnlina. — Spindle-shaped, some 10 mm. long. The coiling 
takes place spirally round an axis. The somewhat irregular 
septa are not double, and there is no canal-system. 
Carboniferous and Permian, 

(c) Shells Formed hy AggltUinaiion, 

A number of these, built up of sand grains and other particles, 
occur in the Carboniferous Limestone and thenceforward. (See 
Teztularia, p. 295). 

Saccanmuna. — Shell like Lagena, but with two short necks at op- 
posite ends ; sometimes these necks serve to connect adjacent shelU, 
and a form like Nodosaria arises. On weathered surfaces of lime- 
stone the cells stand out like little globes some 3 mm. in diameter. 

When broken or in section, the wall is seen to be thick and 
arenaceous. 

Carboni/eroiLs. Also known in Recent 

Endothynu— Allied to Eotalia, but the shell is largely built 
up by agglutination of calcareous grains. Mouth simple, on 
inner margin of last chamber. 

Carboniferous, 

B. Radiolaria. 

The remains of these are rarely found fossil (see p. 211), 
though they have been claimed as occurring even in the oldest 
rocks.* The skeleton is siliceous, and is colourless, transparent, 
and isotropic under the microscope. Globular and helmet-shaped 
forms are common, though a few are discoidal. Forms with one 
globe within another are very typical. The perforations are 
bolder than those of the foraminifera, and fragments thus 
resemble a network ; fairly coarse spines and rod-like pro- 
longations are common. A few of the skeletons consist of 
disconnected spicules. One of the best kuown fossil deposits 
of radiolarians is the Miocene *' earth" of Barbados, which 
is a fEkvourite object with microscopic dealers, and in which 
the characters of the skeletons can be admirably studied. 

*See David, Proe. Linn, 8oc N. S. W„ 1896, pp. 553 and 571 ; Hinde, 
Ann, and Mag. Nat, Hist,, July, 1890, and Quart, Joum, OeoL Soc., voL 
xlix. (1893), p. 215, pi. iv. For CretaceooB forms, and a diBcaasion of the 
■olation of Radioluian akeletons, sea Hill and Jukes-Browne, ibid,, voL U. 
(1895), p. 600. 

Digitized by VjOOQIC 



298 apoiroutt. 

Some few of the radiolaria are flattened or disooidal ; but they 
cannot be confused with diatoms, owing to the far more delicate 
markings of the latter. Eadiolaria should always be looked for 
in sections of flint (chert). 
The radiolaria are marine. 

II. SpongiflB (Porifera). 

We deal here only with those sponges that possessed a cal- 
careous or siliceous skeleton. They are frequently represented 
(as has been described on p. 211) merely by isolated spicules, or 
by casts of these remaining in the flinty layers of the rock. 

The principal terms used in describing fossU sponges are : — 

Frincipal Ccmty or Cloaca. — The large central cavity, such as 
the hollow in cup-shaped forms. 

Osetilum. — The exhalent aperture constituting the mouth of 
this cavity. See Ostia below. 

Canals, — Tubes traversing the skeletal mesh. 

Oatia, — ^The terminal openings of the canals, placed commonly 
in the wall of the large cavity. Often also called Oscula. 

Pares, — Smaller inhalent openings in the sur&ce of the mesh, 
connected with the canals when these are present. 

Spicules, — The bodies that build up the main mesh-work. 

Dermal Spicules, — Small bodies of various form, even globular, 
found mostly in the outer layers of the sponga 

The sponges here treated of are marine. 



A. SiUGEOUS Sponobs, 

The isolated spicules (fig. 47) are typically rod-like^ with an 
axial canal, so that fragments under the microscope, being clear 
and colourless, resemble pieces of minute thermometer-tubes. 
These rods may bifurcate, may meet in solid or delicately 
hollowed nodes, and may acquire, in different parts of the same 
sponge, a great variety of form. The dermal spicules are often 
widely diflerent from those constituting the main mass of the 
skeleton. 

The siliceous spicules are soluble in hot caustic potash solu- 
tions. In nature, moreover, they are frequently represented by 
pseudomorphs, whether in iron pyrites or limonite, as occurs in 
our Cretaceous beds, or calcite, as in some Jurassic strata of 
South Germany. Hence, while some most delicate specimens 
can be extracted from their calcareous matrix by treatment with 
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dilute acid, others will dissolye away in a manner most disap- 
pointing to the collector, howeyer fiill of interest the experience 
maj be from a mineral point of view. 




Fig. 47. — Sand containing abondaiit Spicules of Siliceous Sponges. Hythe 
Beds, Tilburstow Bill, Surrey, x 40. g^ Dark and almost opaque 
granules of glauconite. A, Hezactinellid spicules. I, Litbistid spicules, 
a large one occurring near the centre of the field. «, Grains of angular 
quartz sand, ty Tetractinellid spicules of various types. The detached 
rods beloDS also, in all probability, to tetractinellid forms. In all 
these spicules the canal is liable to become rather prominent, through 
its enlargement by solution and subsequent infilling with glauconite or 
fine clay. 



Order 1. MoKAoriNELLiDiB. 



Spicules consisting of a single ray, pointed at both ends. 

CUona. — Though the spicules are not known in the fosnil 
species, the borings of this sponge are found, commonly as casts 
formed by silica. These casts are like little flattened nodules, 
about 3 mm. in diameter, connected by threads, also of flint; 
they represent the chambers excavated by the sponge and the 
delicate passages (''stolons*) which led from one to another. 
The shell-substance in which the borings were made has in such 
cases been removed after the infiltration of the silica. 

Gctlandian (1) to Eeeent. 
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Order 2. Tetbactinellida 

The typical spicules consist of four rays, three of which branch 
out, making equal angles, from the end of the fourth and much 
longer ray. Dr. Hinde states that the spicules occurring in the 
flints and cherts **in the Oolite, the Lower and Upper Green 
Sand, and the Upper Chalk are principally of Tetractinellid 
sponges,''* the remains of which are not satis&ctory enough 
for generic determination (flg. 47). 

Order 3. Lithistida 

Typical spicules irregularly branching, and set with little 
knotty outgrowths; often closely interlacing at the ends. A 
four-radial type is occasionally set up, especially among the dermal 
spicules, some of which may, however, be monoaxial. 

Dorydorma. — Cylindrical, often branching, with numerous 
vertical canals running up the main body and the branches. 
These are often infilled by flint and much obscured. 

Typically Cretaceous (^Ihian to Senanicm), Known in Car- 
boniferous. 

Siphonia. — Commonly pear-shaped or like the bud of a tulip, 
with a short or long stalk, which has, when perfect, rootlets at 
the end. Principal cavity reaching from apex to about centre 
of sponge (often filled with silica), with the ostia of canals 
opening into it. Canals forming a curved series running 
roughly parallel to the surface of the sponge and down into the 
stalk ; a second series of smaller tubes crosses these obliquely 
down from the extorior to the interior of the sponge. When 
viewed from above, canals are commonly seen radiating from the 
edge of the great osculum. 

Cretaceous ; particularly Upper Oreensand to Senonian, 

Hallkhoa. — Like Siphonia, but divided into lobes by depres- 
sions of the surface, which radiate from the stalk and even run 
vertically up the whole body of the spooge. 

Cretaceous (U, Oreensand). 

Order 4. KsxAoriNELLiDiE. 

Spicules with six rays, meeting at right angles in a " node ; ** 
these spicules are often united by their ends so as to form a 

* CataU^jve of FossU Sponges. British Museum, 1883 (with plates), 
p. 28. 
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structure of beautiful regularity, resembling that produced by the 
crossing poles of a scaffold. Dermal spicules of various form. 

Ventriculites. — Cup-shaped, narrowed or expanded, not branch- 
ing, with rootlets at base. Wall delicately folded, the axes of 
the folds running from the margin of the cup to the base, and 
the folds being almost in contact with one another. Principal 
cavity very deep, with ostia of radial canals opening on it in 
vertical rows. These canals do not reach the outer surface; 
others open similarly on the outer surface, but do not reach the 
principal cavity. The vertical rows of ostia are sometimes 
represented by furrows. Spicular mesh fidrly regular, and easily 
seen in sections ; often replaced in Chalk specimens by limonite, 
derived from marcasite. The base of the sponge is, moreover, 
often surrounded and infilled by compact flint, while the upper 
part of the cup has been dissolved away or is represented by a 
mere impression or a ferruginous stain. 

XJ, Cretaceovs, 

Plocoscyphia. — An irregular mass formed, as it were, by the 
crumpling and rolling together of a sheet-like hexactinellid wall, 
so that a number of roughly circular or greatly elongated 
apertures are lefl, each of which may represent an osculuni. 
The walls of the irregular tubes thus formed sometimes show 
ostia, and are constructed of a regular hexactinellid mesh. 
Eeplaced by iron pyrites at times. 

Cretaceous (particularly Cenomanian and Twromaflfi), 

i^ote.— The earlier Paleeozoio sponffea have some relation to the Hexacti- 
nellida, but are represented by a aumce-web onl3r. The spicules in this are 
plain rectangular crosses, with smaller ones set in each square formed by 
the union of their arms, and yet smaller crosses in the subordinate squares 
thus produced. The arms of all these cross-shaped spicules lie parallel and 
perpendicular to those of the primary cross, until detached by fracture of 
the la^er. A type is the Canibrian Protospongla, the spicules being 
sometunes pyritised, sometimes mere impressions in the shales. 



B. OaLOAREOUS SPOKQB& 

The fossil types come under the family of the Pharetrones, in 
which there is a thick wall, with a dermal layer rarely well pre- 
served. The calcareous spicules are mostly formed of three rays 
meeting at 120*", or at times of four rays and even one ray. By 
almost complete suppression of one ray, some three rayed spicules 
appear monoaxial. The spicules are commonly grouped in 
fibrous bundles. (See Sollas, Joum, R, GeoL Soe. Ireland^ voL 
vii., p. 37.) 
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The ready decomposition of the spicules makes the form of the 
sponge more relied on in this division than is the case in the 
siliceous sponges. The substance of the wall may, indeed, during 
fossilisation become merely an irregular calcareous tissue. 

Peronidella ^Peronella) Tubular, cylindri<»l, sometimes 

branching. Principal cavity extends to base; round osculum 
at summit No canal-system in the thick wall 

Devonian to Cretaceous ; especially abundant in Jurassic and 
CretaceotM, 

Tremacystia. — Form much like Peronidella ; sometimes club- 
shaped. The tubular cavity is crossed by dom&-like or flatter 
partitions, the chambers thus formed communicating by a hole 
in the centre of the partition, or by holes in the sides of a tube, 
which runs from one partition to the other parallel to the axis of 
the sponge. Minute canals in the wall. 

The charcusteristic internal structure is easily seen in broken 
specimens. This genus (Hinde) includes Steinmann's Barroisiai 

Cretaceous ; mostly Lovoer Cretaceous, 

Rhaphidonema. — Oup-shaped, expanded or narrower. A com- 
pact dermal layer extends over either the outer or inner sur&ce; 
this is pierced by ostia in all species but R, fcvrringdonense. 
Canals traverse the wall approximately perpendicular to the 
surface. 

CreUiceons. 

III. Hydrozoa. 

The body formed by the aggregate-growth of these colonial 
organisms is styled the Hydrosome, Where the hydroid polype 
possesses a cup-like cell, this is styled the Hydrotheca. 



A. Forms with ▲ Massive Oalcabeous Base from which the 
Polypes protruded during Life. 

Stromatopora. — ^The base is built up of mammillated layers 
which, with the columnar structures that connect them, form 
an irregularly reticulated structure. In section little tubes with 
horizontal partitions are also seen in the mass, and in these the 
polypes are believed to have lived. The mass is often 15 or 20 
cm. across, and is roughly hemispherical, the sur&oe showing 
small mound -like elevations. 

Oottandian and DewyMO/n. 

Labechia. — ^The base is rather compact to the eye, and its 
under side is smooth, with some concentric wrinkles. The upper 
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surface is set with namerous tubercles, which are not perforated, 
and which are the ends of columns rising from below. In 
yertical sections a cellular irregular calcareous tissue fills the 
interspcuses between these columns. The polypes are believed to 
have lived merely on the surface of the calcareous and often 
encrusting base which we now find. 

Ordavieian and GoUandian; some in Devonian, 

B. Gbaptolites. 

The hydrothecn are arranged along an external flexible 
chitinous axis, and their cavities are connected internally. 
The solid axis (Virgula) is often prolonged without bearing 
hydrothecsB. At one end of the axis in perfect specimens is 
a triangular body, the ^''icula, from which the hydrosome arises. 
The hydrothectt nearest the sicula are the smallest, . and are 
sometimes absent about this point of the hydrosome. The 
chitinous hydrosomes are commonly flattened into mere films 
upon the surfaces of shales. The Graptolites are Cambrian, Ordo- 
vicianj and Ootlandian, the branched forms, and those with two 
rows of hydrothecse on one axis, being the earlier. At present, 
investigators of graptolites are likely to pay less attention to the 
form of ^e hydrosome than to the modifications of the hydro- 
thecsB (see Nicholson and Marr, " Phylogeny of the Graptolites," 
Oed, Mag., 1895, p. 529). For recent views on their mode of 
life and flotation, see Roemer and Freoh, " Lethsea geognostica," 
Bd. i.;L£3{1897), p. 552 

The graptolites are marine. 

Diplograptus. — Hydrothecss forming two rows, on opposite 
sides of a common axis. The hydrothec» are set obliquely and 
in contact laterally. Ordovidan and Z. Goikmdiar^ 

Glimacograptua — Similar, but hydrothecie set at right angles 
to axis and separated laterally. Ordovidan and L. GoUandian. 

Monograptus. — Hydrothecs forming one row and in contact. 
Hydrosome commonly straight; sometimes coiled spirally, in 
one plane or like a screw. GoUandian. 

Bastrites. — Hydrothec» forming one row on the convex side 
of a thin spiral axis, and distinctly separated laterally from one 
another. L. Gotkmdian. 

Didymograptus. — ^Hydrosome formed of two equal branches 
united by the sicula; hydrothecsB in a single row on each branch 
and in contact laterally. The branches are sometimes spread 
widely apart; sometimes they form a V, and the openings of 
the hydrothec» on one row thus almost face those on the other. 
Ordoiioian. 
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Note, — In Dictyonema the hydroBome is oompoBed of a great number of 
radiating branohee connected by little cross-rods so as to form a net- work. 
These branches in reality consist of hydrothec® arranged in linear series, 
with their apertures at Uie upper ends. No common axis occurs (Roemer, 
op. cU,, p. 670). Cambrian to Devonian. 

IV, Actinozoa. 

The forms here mentioned belong entirely to the corals which 
possess calcareous skeletons. The material 
is in most modern types aragonite; but 
Mr. Sorby believes that in the Palseozoic 
forms it was originally calcite, as now 
found. All are marine. 

While the older dividion of corals into 
Octocoralla^ Tetracoralla, and Hezacoralla^ 
seems likely to be abandoned, we cannot 
yet regard any later system of classifica- 
tion as approaching finality. The general 
structures embodied in the '* Tetracoralla " 
represent an early type, though their fre- 
quent bilateral symmetry may have been 
based upon a still earlier six-rayed type. 
At present^ the division into Alcyonaria 
and Madreporaria is all that will be here 
attempted. 

Terms used : — 




:i 



Fig. 48.— Diagrams of 
LfithoBtrotion, a, 
View of the calyx 
from above ; a flat- 
tened columella is in 
the centre; the septa 
form two series, and 
the edffes of upturned 
dissepunents are also 
seen. 6, Vertical 
section passing 
through toe colu- 
mella. Several tabu- 
IfiB, convex upwards, 
are seen ; and nu- 
merous dissepiments 
appear, formine a 
vesicular mesh which 
extends for some way 
inwards from the 
wall. 



Theca. — The bounding wall of the cup 
occupied by the individual coral-polype; 
often only feebly developed. 

JSpitheca. — A smooth external covering 
to the theca, or to the base and sides of a 
compound corallum. 

Co«to.— Vertical ridges projecting firom 
the outside of the theca and forming ribs 
which generally correspond to the septa. 
When, as in many older corals, they alter- 
nate with the septa, they have been called 
« Rug«." 

Calyx, — The cup-like depression in the 
upper part of the skeleton, occupied by 
the alimentary cavity during life. 

Fosaula, — A groove-like pit in the floor 
of the calyx of some corals (see p. 306 and fig. 50). 



Digitized by VjOOQIC 



AOTINOZOA. 305 

Septa, — Vertical partitions arising from the inner surface of 
the theca, and converging towards the centrd of the cup. Each 
septum underlies a tentacle of the living animal, and they thus 
alternate with the soft partitions or mesenteries. They some- 
times are produced outward into costee. The septa occur in 
'* cycles;'' a primary series, a second and commonly shorter 
series intercalated between these, a third in the interspaces thus 
formed, and so on (fig. 50). 

Columella, — A rod-like or vesicular axis arising in the centre 
of the cup. 

False Columella. — A similar axis formed by the union and 
intertwisting of the edges of the septa where they meet in the 
middle line of the cavity. 

Pali. — Vertical partitions that sometimes arise in the central 
area, between the columella and the edges of the septa; they 
are sometimes joined to the columella. 

Tabtike, — Horizontal or curved partitions that successively cut 
off the lower part of the cup, thus forming a new floor (fig. 48, b), 

DiesepimerUs. — These are often regarded as imperfect tabulss, 
and are little plate-like connexions running in curves or fairly 
horizontally between adjacent septa, and producing a vesicular 
structure in the interspaces. 

Synapticulce. — Similar to dissepiments, but rod-like or tuber- 
cular. 

Corallite, — A name sometimes given to the skeleton of an 
individual in a compound coral. 

Corallum, — The whole skeletal mass formed by a colony or 
" compound coral." 

Coenenchynia, — The '^exothecal" material connecting the 
corallites in some compound corals, and thus common to all 
the individuals. 

Astraian Mode of Growtfi, -^The lateral buds of the dividing 
individuals have grown up side by side and in contact, so as to 
produce a compound structure of more or less polygonal forms 
(fig. 52). 

Simple coral, — The individual is isolated. It does not divide 
by branching. 

20 
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A. Aloyonabia (Ootocoballa). 

The septa^ when present, are not related to the eight 
tentacles of the animal. Hard parts 
calcite. 

HelioliteB (fig. 49).— Oorallum often 
rudely spheroidal ; sometimes extended 
or branching. Calyxes widely divided 
by what appears to be coenenchyma, 
and furnished with septa (almost always 
12), which are sometimes short and 
sometimes meet in the centre. The 
c<Bnenchyma is set with abundant 
smaller openings, regarded by Nichol- pig. ^,—ffdioliU9 truer- 
son as haying contained rudimentary stindm (Wenlock Beds), 
polypes ("siphonozooids"). In section Viewed from above and 
both the larger and smaller sets of enlarged ; showing the 12 
XT- 1- J- j.» J. X 1. 1 septa and the cellular 

tubes show distinct tabulae. character of the areas 

Ootlwndicm and Devonian, between the calyxes. 

^o^«.— Several of the genera placed in'Gronp C may with probability 
be referred to the Alcyooaria. 

B. Madbepobabia. 

In many of the older types of corals there may be six primary 
septa in early stages, though four appear higher in the corallite.''^ 
One of these latter, the "principal" or "cardinal'' septum, and the 
one opposite to it divide the (»lyx into two symmetrical halves, 
the septa on either side of the principal one, and between it and 
the two " lateral " septa, being, in well marked types, directed 
towards the principal septum rather than towards the centre of 
the coral; they are thus said to be "pinnate" upon that septum 
(fig. 50). Between one lateral septum and the other over the 
remaining area the septa point towards the centre. Hence the 
arrangement is, as a whole, bilateral rather than radial. 

The primary septa are sometimes large, sometimes much 
reduced in size; the principal one may lie in a fossula, which is, 
indeed, formed by local diminution of the septa In many 
forms, however, it is impossible to mark out the primary septa 
from the others; in such cases the symmetry appears truly 
radial (fig. 48, a). 

Tabulae are almost always present in the older types, and 

*See Duerden, Ann. Mag. NaL His^^ ser. 7> vol. ix. (1902), p. 38}. 
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ocBnenoliyma is commonly not developed, the compound forms 
being branching or astnean. In other types, which greatly 
preponderate in later periods, there are six primary sept^ and 
radial symmetry prevails in adult forms. Tabulae are practically 
absent. 
Zaphrentis (fig. 50).— Simple ; form commonly a curved cone, 





Fig. 50.— Calyx of ZaphreniU. view- 
ed from above, showing the fossiila 
and two pydes of septa, which have 
in part a pinnate arrangement. 



Fig. 61. —CfycUhophyUum trtmeaium 
(Wenlock Beds). Showing bnd- 
ding of new individualB from the 
calyx. 



with epitheca. Abundant septa, the principal one being in a 
well-marked fossula. Tabulae run completely across from side to 
side of the section formed by breaking open or cutting the coral. 
No columella. Caninia is An ally with vesicular outer wall. 

Gotlandian to Carbaniferatis ; abundant in latter. 

Cyathophylinm (fig. 51). — Simple, branching, dendriform, or 
astraean, with epitheca. AbuncUtnt septa, which reach to the 
centre, and are there sometimes twisted against one another, as 
may be seen on polished sections. A vesicular calcareous tissue 
is formed nearest the theca, and the tabulae often extend across 
the central part of the cavity. 

Ordovician to Carboniferous; abundant in Ootkmdio/n and 
Devonian. 

Lithostrotion (fig. 52), — ^Dendriform or astraean. In other 
structures like Oyathophyllum, but distinguished by presence of 
a well-marked columella, which is spindle-shaped in horizontal 
section. The longer septa are sometimes united to the columella. 

Carboniferoiu. 

Lonsdaleia. — ^Like Lithostrotion, but divided by an inner wall 
into two portions — a cellular part next the theca, and an inner 
more clearly septate portion. Oolumella large, elliptical in 
section, and built up of irregular concentric layers. 

Carhoni/erotAa, 

Omphyma (fig. 53). — Simple, the cup-form often rather ex- 
panded, with root-like processes of the theca near the base, 



Digitized by VjOOQIC 



SOS 



AcrnioflBOA. 



Nmueroii* radial lepta, £:>iur primary ones being seen, in well 
preserved specimens, to be set in shallow foesube. Tabids and 
tissue as in Cyathophyllum. 
Oodandian, 





Pig. 6l2.—LUhottrotum hoioUi/orme 
(Carboniferom). AitrsBan growth. 



Fig 63. — Omphyma turbincUvm 
(Wenlook Beda). Showing root- 
lets. And the fosanle as seen 
from above. 




Fig. 64. — Caleeola 
iandalina (De- 
vonian). Opercnlum 
removed. 



Calceola (fig. 54). — Simple ; shape like the pointed toe of a 
slipper, the calyx reaching to the base of the 
coral. Epitheca, ribbed on the flatter side 
of the cup. Septa reduced to mere little 
bars. A lid, the Operculum^ fits on the top 
of the calyx, though often lost in ordinary 
specimens. This lid resembles outwardly, 
with its curvilinear markings, the dor- 
sal valve of many brachiopods, and Cal- 
ceola was, indeed, long considered as a 
brachiopod. 
Devonian. 

Litharsea. — Compound, with small, if any, areas of coenenchyma; 
the hard parts are formed of a spongy non-compact calcareous 
tissue. Walls of the corallites pierced by apertures. Septa 
commonly forming three cycles only, and set with little processes 
on the edge and on the sides. Columella present^ of spongy 
texture. 

Eocene to Miocene, 

Isastrsea. — A typical astrsean corallum, without coenenchyma. 
Corallites polygonal in section and united by whole length of 
their walls. Hard parts compact, not spongy. Septa well 
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marked. Numerons dissepiments. Columella often present^ 
bat not strongly developed. 

Afesatoie ; especially Jwraasic, 

MontliTftltia. — Simple; sometimes disc-like, with a flat base 
covered with a concentrically wrinkled epitheca; commonly 
shaped like a peg-top or a curved cone, also with epitheca. Hard 
parts compact. Numerous septa, in 12 or more cycles, notched 
on the edges. Dissepiments abundant No columella. 

Trias to RecerU ; especially Jurcusic. 

Thecosmilia. — Branching oorallum. Corallites often com- 
pressed laterally at the calyx and dividing into two; hence 
two adjacent calyxes often remain confluent. Epitheca present 
Hard parts compact. Septa numerous, granulated at sides. 
Dissepiments abundant. No columella. 

Trias to Miocene; especially Jttrtustc, 

Thamnastroa. — Oompound; corallum commonly like a segment 
of a sphere supported by an inverted cone, which bears an 
epitheca. No coenenchyma, and thecse unseen, the septa of each 
corallite running out over the wall and uniling with those of 
adjacent corallites. Septa fairly numerous and granulated, «.«., 
set with synapticulffi. Oalyx shallow. Columella present. 

Trias to Oligocene, 

Cyclolites.— -Simple. Theca forming a flat base, with concen- 
trically wrinkled epitheca. The septa rise above this, forming 
a fair-sized roughly hemispherical skeleton. Septa thin and 
very numerous, notched on margin, set with synapticule, and 
pierced by regularly arranged pores. The small septa are 
generally cemented to the larger. 

Typically Cretaceous, 

HoiOi^SUS. — ^Astrtean; corallites united by their cost® and 
polygonaL Septa not very numerous ; four, at right angles to 
one another, are well marked and larger than the rest. Tabulss 
are also present. This genus presents exceptional features, 
as compared with the more modem types with which it is 
associated. 

Loujer Cretaceous, 

C. Gknbba of Doubtful Affinities. 

The following genera of Actinozoa are of uncertain position, 
while Alveolites and Coenites, from their external aspect, have 
even been referred to the Polyzoa. 

Michelinia.* — Coralium astnean and generally top-shaped, with 

* In NiohoUon'i Manual of PalawfUology, 3rd edit, vol. L, p. 316, there 
ia an interesting diBCUssion of the relations of this genus and PUurodictyum, 
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epitheca and rootlets running from it. Oorallites united by 
their walls, which are perforated. Calyx fairly deep. Septa 
represented merely by stri», so that the empty polygonal 
calyxes give the appearance of a honeycomb. Tabuls and 
vesicular dissepimental tissue present. 
Carboni/ercms. 

Favosites. — Compound; astrsean or branching. Corallites 
resemble polygonal columns when the more massive specimens 
are broken open. The thece show well-marked but widely set 
perforations. Septa represented by mere strise. Tabulse regular 
and well displayed. 

OrcUmcian to Carboniferous. 

Alveolites. — Corallum spreading or branching, often of polyzoan 
type. Aperture of the calyx small, and like a triangle with curved 
sides ; the corallites lie pressed together, somewhat oblique to 
the surface. Thecse perforated. Septa represented by one or 
sometimes three ridges projecting into the cavity. Tabulate. 
Ootlandicm and Devonian. 

Coenites. — Closely allied to Alveolites, but with a thickening 
of the thecffi near the outer end, so that the mouth of the calyx 
becomes a mere curved slit, much like the conventional flying 
bird drawn in landscapes. 
OoUa/ndian and Devonian. 

Halysites (fig. 55). — Possibly an alcyonarian. Corallites 
tubular, elliptical in cross-section, and united by their sides 
in wall-like rows, so as to resemble 
the pipes of an organ ; these bands, 
each merely one corallite in width, 
cross one another, leaving large ir- 
regular interspaces in the corallum. 
When infilled with foreign matter, as 
in ordinary limestones, and broken 
across, the structure looks like a net- 
work of chains, each corallite being a 
link. Septa rarely traceable. TabulsB 
well developed. 
^■giH Ordovidan and Ootlandian. 

^HIH Syringoponu — Alcyonarian in type. 

^^^ Corallites tubular, circular in cross- 

section, bent and ramifying, united 
only by smaller horizontal tubes. The 
thecs thus stand well apart from one 
another. Septa scarcely traceable. Tabuhe convex downwards. 
OoUandian to Canrhon^feroua. 




Fifl. 66.^HcUy$ite$ caienu- 
Xaria (OrdoTician). 
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OHAPTBB XXIIL 

FOSSIL OEKBBIO TTPEB. 

V. Polyzoa (Biyozoa). 

Thesb minute colonial organisms leave skeletons which may be 
found among the washings of clays and sands, but which may 
otherwise be often overlooked. Many of the colonies, however, 
attain to a considerable size. 

The hard parts are built up of an external aragonite layer 
and an internal calcite layer {Comith and KendaU). 

Almost all are marine. 

Terms used : — 

Folypide or ZoaicL'— The individual animal. 

Zoarium, — ^The colonial structure formed by the polypides. 
Commonly attached or encrusting. 

ZocBcwm or Cellule, — The tube-like or ovoid chamber occupied 
by each polypide. 

Ovicell. — A chamber for containing one or more eggs, from 
which embryo-polypides develope and are set free. The ovicell 
forms a swellmg above the aperture of certain zoodcia in 
cheilostomatous colonies, and an inflation between the zocecia 
in oydostomatous colonies. 

C^l>erculum. — ^The cover that closes the aperture of the zooecium 
in some polyzoa. 

AvictUaria and r«6racu^— Beak-like and whip-like appendages 
respectively, set on stalks and arising from little special pits on 
or between the zooecia (fig. 58). U^ in obtaining food, or for 
defensive purposes. They are in reality specisdly modified 
zooocia. 

A. Ctclostomata. 

Zooecia tubular, typically not narrowing towards the aperture ; 
no operculum. Calcareous (aragonite with some calcite, Sarby) ; 
rarely homy. 



Digitized by VjOOQIC 



312 



POLYZOA. 



Entalophora. — Zoarium branching. Zooecia in the form of 
long curving tubes, which open all round the surface of the twig- 
like zoarium. Marine. 

Gotlcmdicm to Recent. 

Fascicularia. — Zoarium spheroidal, fixed at base. Zooecia 
tubular, often curving, united into bundles which radiate from 
the base, leaving hollow interspaces. Marine. 

Pliocene, 

B. Oeyptostomata. 

The FenestellidsB here form the most important family, in 
which the zooecia show considerable deviation from the tubular 
type ; in section, they are seen to be more complex and narrowed 
at the external aperture. The latter is, however, round and 
simple, as in the typical cyclostomata. 

Fenestella (figs. 56 and 57). — Zoarium lamellar, the sheet-like 
mass being commonly folded into the shape of a funnel, often 





Ilg. 66. — FentateOa re^ormii 
(Permian). Showing form of 
the zoarium. 



Fig. 67,— Fenestella rei\form%$ 
(Permian). Enlarged, to 
show the zooecia and the 
larger interspaces. 



several inches across. Built up of rods which radiate from the 
base and are connected by little cross-bars so as to form a net- 
work. The minute zooecia are grouped in two rows on each of 
these rods. Sometimes a third central row occurs. The zooecia 
must be looked for with a lens j and the far larger interspaces of 
the mesh are styled^/^n^fru^. On the systematic position of this 
genus see Ulrich, Oeol. Surv, o/HlinoiSf vol. viii, p. 349. Marine. 
Ootlandian to Permian ; particularly Carhonykrous, 
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C. Oheilostomata. 

ZocBcia typically ovoid, not tubular; the aperture is in the 
side and near the upper end, and is smaller than the diameter of 
the zocecium. 

This aperture was closed by an operculum in most forms. 
The pits occupied by avicularia and vibracula can often be 
recognised. Homy or calcareous (aragonite, with some calcite?). 

Eschara (fig. 58).— Zoarium formed of two layers of zoceciai 
back to back, producing a sheet-like mass which branches as 




Fi^. 68. — Eschara moiu 
t/t/<!ra (Pliocene) ; after 
Busk. The appear- 
aoce of the aperture 
▼aries considerably ; 
in this example the 
pitted supports of 
avicnlaria at each 
side of the base of the 
aperture are clearly 
seen. 




Fig. 69. — Brachiopod {Terebrattda 
mtrea. Recent; after Davidson), 
a, The two valves united. /, 
Foramen in beak of ventral 
valve ; d, Deltidium. 6, Inte- 
rior of dorsal valve, showing the 
brachiiJ loop, c, Cardinal pro- 



it spreads. Zocecia dose-set, typically cheilostomatous, with 
pits where the appendages have fallen away ; the zocecia of one 
row alternate with those of the next. Marine. 

Jurassic to EecenL 

Lepralia. — Much like EBchara, but forming one encrusting 
layer. Marine. 

Cretaceous to Recent. 

Membranipora. — Zoarium encrusting. Zooecia rather flat, 
with raised margins, and touching one another along their 
borders, more commonly than overlapping. The front of each is 
generally lost, having consisted of a chitinous membrane, a wide 
shallow cavity being thus revealed. Arrangement of zooecia 
rather irregular. Marine. 

Jurassic to RecenL 
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Cellepora. — Zoarium built up of zoceoia piled irregularly on 
one another, and thus forming a mammiilated aggregate fixed at 
the base. Sometimes branching. Zooecia Mrly ovoid. Marine. 

Cainozoio. 

VL Brachiopoda. 

The Brachiopoda, formerly more prominent than the Mollusca, 
inhabit a bivalve shell, composed of calcite, or occasionally of phos- 
phate of lime; this is minutely perforated over the whole surface in 
almost all the £9kmilies. The Khynchonellidsa form an important 
exception, being imperforate (impunctate). Hollow spines, often 
of great length, project in some genera from the surface of the shelL 

The valves of the shell are typically unequal; even if ap- 
parently equal, their internal structure is very different. Hold 
the shell so that the small valve faces the observer, and the 
umbo of the large valve forms the highest point of the shell ; a 
vertical plane passing through the umbos and the point opposite 
to them on the lower border divides the shell into two sym- 
metrical halves. Compare Lamellibranchiata. (See fig. 59.) 

The modem species, which are numerous and all marine, 
mostly inhabit deep water. 

The modern classification of the brachiopoda is discussed by 
Schuchert, Bull U. 8. GeoL Survey, No. 87 (1897), pp. 113-135. 
For our present purposes, the two large divisions of Articulata 
and Inarticulata will prove sufficient. 

Terms used : — 

Ventral Valve. — The larger valve of the shell ; or in any case 
that covering the ventral portion of the animal. 

DorscU VcUve, — The smsdler valve, or that covering the dorsal 
portion. 

Both valves are commonly perforated by minute canals, being 
then said to be punctate (fig. 65). 

Both show somewhat oval Muscular impreaeionSf placed below 
the hinge. In addition, VasctUar impreesicns, indicating the 
position of blood-vessels in the mantle, are sometimes seen as 
faint grooves ramifying over the internal surface of both valves; 
these may appear as ridges on internal casts. 

The ventral valve terminates posteriorly in a more or less 
sharp Beak or Umbo, An aperture, the Foramen, may occur in 
this, or just below it, serving for the exit of the fibrous pedicle 
by which the animal was attached. When below the beak, it 
is generally triangular. In the dorsal valve, the beak is usually 
less prominent. 
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DelHdium, — ^A triangnlar structure found below, and partly 
or wholly surrounding, the foramen in many forms. It consists 
of two little plates, generally meeting along part of their length, 
and arising from opposite sides below the beak, thus limiting 
the aperture (fig. 59). 

Pseudoddtidium, — A plate formed occasionally across the 
foramen and spreading anteriorly from the beak. 

Area. — The flat area often occurring between the hinge and the 
beak ; sometimes striated. Oommonly seen in the yentral valve, 
rarely also in the dorsal. It stretches on either side of the 
triangular foramen, the deltidium, or the pseudodeltidium. 

T^th, — ^Two processes set in the ventraJ valve, and commonly 
borne by two '< dental plates," which are like short septa rising 
firom the inner surfiEtce of the valve. The teeth occur on the 
Hing^ne (or line along which the two valves are united during 
life). They fit into two sockets in the dorsal valve. 

The dorsal valve bears ordinarily a Cardinal Process projecting 
somewhat down from the centre of its hinge-line. To this the 
muscles that opened the shell were attached. Two plates called 
Cruray one on each side of the centre of the hinge-line, may 
occur in this valve, the " arms," or lamellar mouth-appendages 
of the animal, being then attached to them. In most cases they 
bear a Brachial Loop^ a calcareous structure of great delicacy, 
which supports the arms. The loop sometimes is represented 
by two Spires, conically coiled, their apices directed away from 
or towards the centre of the shell (fig. 64). 

Median Septum. — A partition that may be found running for 
some distance below the hinge-line towards the shell-border, 
rising from the inner surface of either valve^ or both. 

The shell-substance of the Brachiopoda (except the occasional 
phosphatic layers) is very characteristically built up of long 
curving calcite prisms, among which circular gaps, the perfora- 
tions, oommonly appear. The obliquity of these prisms to the 
surfaoe of the shell, and their curving, allow their polygonal ends 
and their lateral faces to be visible at once in microscopic 
preparations. 

A. AbtiouIiATA (Yalves connected by a Hinge). 
Shell Oalcite. 

Terebratnla (fig. 59). — Shell oval, punctate; often folded slightly 
at the margin; sur£M!e smooth, with mere lines of growth 
parallel to the margin. Ourved hinge-line. Beak pierced by a 
round foramen, the deltidium occurring below this and not sur 
rounding it Brachial loop short. 
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Devonian to Recent. Especially Mesoeoie. 

Terebratnlina.— Like Terebratula in all essentials, but deltidium 
small and surfisMse of shell delicately striated by grooves radiating 
from the apex. 

Jtircufsic to Eeceni, 

Magellania (Waldheimia). — Not externally distinguishable 
from Terebratula, but brachial loop long, and a median septum 
in dorsal valve. JAciS to Recent. 

Kingena. — Allied to Terebratula; hinge-line straighter, and 
brachial loop united to a median septum. 

Jurassic and Gretaceous. 

Pygope. — A Terebratula in which, after a certain age, the 
lateral parts of the valves grow outwards and then reunite, 
leaving an aperture through the whole form ; this comes finally 
to lie nearer to the beak than to the growing margin. In casts 
the vascular impressions are well seen. 

Tiihoniam, ( U, Jurassic), 

Stringocephalus (fig. 60). — Shell punctate, and resembling a 
wide Terebratula, but ventral valve with distinct area ; deltidium 
and pseudodeltidium both present. Strongly developed median 
septum in ventral valva Cardinal |)rocess long and curved, 
bifurcating at end to pass on each side of the septum in the 





Fig. 60. — Stringocephalus Burtini Fig. 61. — Rhynchonella. Viewed from 
(Devonian). Deltidium missing. below, showing the plicated junc- 

tion of the doMd valves. 

opposing valve. Loop curving round parallel to and near the 
margin of the valve. 
Devonian. Known also in Ootlandian, 



Bhynchonella (fig. 61). — Shell impunctate, rather triangular, 
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the margin on each side of the beak being straight and the outer 
margin curved. Ventral valve commonly infolded down the 
middle line, and dorsal valve bulged out to correspond ; margins 
almost always bent into sharp folds, giving well marked radial 
ridffes down the surface. Beak sharp and bent over downwards 
and even inwards ; foramen below it, commonly surrounded by 
the deltidium (compare Terebratula). No loop, the crura alone 
being present. 

Orclovician to Recent. 

Fentamerus (fig. 62). — Allied to Rhynchonella. Shell impuno- 
tate, markedly inequivalve, and strongly convex ; smooth or fur- 
rowed. Beak curved downwards; no deltidium. Median septum 
in ventral valve strongly developed, dividing on its free edge into 
two diverging septum-uke dental plates, l^tween which a little 





Fig. 62. — Pentamerua galecUtu 
(DevoniaQ). Showins on 
the beak the trace of the 
internal septum. 



Pig. eS,—Spir^er pingula (Carboni- 
ferous). 



chamber is thus formed, open at the end away from the beak. 
The dorsal valve has two septa, arising one on each side of the 
central line, which approach the dental plates. The remarkable 
size of these structures in proportion to the cavity of the shell 
causes it to break open easily along a surfieu^ formed by the 
ventral septum, one or other dental plate, and the corresponding 
dorsal septum. The septa can sometimes be traced as lines on the 
convex exterior of the shell (fig. 62). Oasts show characteristic 
deep grooves in the plaoe of these internal partitions. 

OoUandian and Devonian, 

Camarophoria. — Like Rhynchonella, but with an internal 
structure resembling that of Fentamerus on a small scale ; one 
septum in the dorsal valve, dividing on its edge. 

Devonian to Permian ; especially the latter. 
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Spirifer (fig. 63). — Shell imponctate, commonly with a median 
▼entral furrow and dorsal rid^e-like fold as in Eh^chonella ; 
generally also marked with radial grooves. Hinge-line straight, 
often forming the longest dimension of the shell, and even causing 
ear-like expansions of the margin just below it. Ventral valve 
with prominent sharp beak, very commonly carved over ; area 
triangular ; foramen triangular, dosed over in part by a pseudo- 
deltidium. Dorsal valve with small narrow area; brachial spires 
present and highly developed, as may fairly often be seen on 
breaking open the shell (fig. 64). They occupy almost all the 
valve, their apices being directed outwards. 

S. P. Woodwfiurd notes that silicified specimens occur in which 





Pig. 64.— fi!ptrwJJ5r irig<mali8 (Carbon!- 
ferous). Broken open to show 
brachial spire. 



Pig. e5.^8pir%/erina WaUoUii 
(Lias). Showing punctate 
character. 



the spires may be freed by the use of acid from the matter that 
obscures them. 

Ootlandian to Permicm, Very abundant in species in the 
Devonicm and Ca/rhontferoibs. 

Spiriferina (fig. 65). — Like Spirifer, but punctate, and with 
a median septum in the ventral valve. Typically smaller than 
Spirifer. Perforations can easily be seen with a lens, especially 
on slightly rubbed specimens. 

Ca/rhoniferouB to Liaa ; typically the latter. 

Retzia. — Shell punctate; marked by strong radial ribs. 
Foramen, with deltidium under it, in ventral valve. Spires 
in dorsal valve, much as in Spirifer. 

The genus, in its usual wide sense, is Ootlandicm to Trias. 

Meristella (formerly classed with Athyris). — One of the Spiri- 
feridee. Shell impunctate, smooth, and resembling in form a 
wide Terebratula, but without the foramen of that genus, 
Well marked median septum in dorsal valve ; spires similar to 
Spirifer. 

Ootlandian and Devonian, 

Atrypa. — Shell impunctate, and resembling Rhynchonella, but 
typically with a strai^hter hin^e-line. Foramen in beak, which 
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is curved oyer ; deltidium below ; no area. Dorsal valve with 
large spires, their apices directed towards the central part of the 
inner surface of the valve, and thus nearly touching one another. 
Ordovician to Tricu; especially Gotlandian and Devonicm, 
Eoninckina. — Form somewhat like Productus; dorsal valve 
concave. Apices of spires directed outwards. 
Trias of Alps. 

Orthis. — Shell punctate^ commonly approaching a rectangular 
shape, the valves often almost equal, and both only slightly con- 
vex ; marked with radial grooves in almost all cases. Hinge-line 
straight, but shorter than the greatest width of the valve ; each 
valve with an area which is notched in the centre, the two 
triangular notches together forming the foramen. Strongly 
marked muscular and vascular impressions. Cardinal process 
not divided (in some allied genera it is furrowed); brachial 
crura present^ but small, and neither loop nor spires. 

L, Cambrian to Carboniferous, An extremely abundant genus 
in the older Palsdozoio. 

Strophomeoa. — The StrophomenidsB have received of late con- 
siderable revision, on account of variations in the internal 
characters of species previously grouped under the same genus. 
Strophomena itself now includes shells without crura (compare 
Orthis), and with ventral muscular area bounded by raised 
margiu. Ventral valve concave, dorsal convex. (Example : — 
Strophomena rugosa,) 

Ordovicum. 

Leptsena.* — like Strophomena in general, but with dorsal valve 
concave, ventral convex, and broad shallow ventral muscular 
area. The edges of the valves are often bent sharply over in 
a dorsal direction. Flatter part distinctly wrinkled in con- 
centric folds. (Example: — Lepiama rhomboidalis.) 

Ordovieian to Carbonif&roiis, Doubt hangs over all the species 
recorded from the Lias. Munier-Chalmas finds that some possess 
brachial spires, and has referred them to a new genus, Eoninck- 
ella {Bull, soo, gSoL France, 3me. sdr., t. viiL, p. 279). 

Bafinesquina. — like Leptnna, but without the abrupt bend in 
the shell, and un wrinkled. (Example : — Rafinesgndna {Stropho- 
mena) aUemata,) 

Ordovidan, 



Productus (fig. 66). — Shell punctate, the perforations being 
* See HaU, Pal. qfNew York 8uUe^ vol viii. (1892), ^ 
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produced in spines of various lengths. Not attached by a 
pedicle, as are the preceding genera, but free, or occasionally 
fixed by the spinose sur&ce of the ventral valve.* Surface 




Fig. 66. — Productua gigantem (Carboniferous). 

sometimes smooth ; more commonly ribbed, with hollow spines, 
set mostly in the neighbourhood of the hinge. Ventral valve 
strongly convex, with curving beak; dorsal valve concave. 
No foramen; no hinge-teeth. Hinge-line straight, sometimes 
forming the greatest width of the shell, with ear-like expansions; 
sometimes shorter. 

Devonian to Permian, Especially Carboniferous. 



B. Inarticulata. 

Valves not connected by a hinge, being kept closed by the 
adductor muscles, and moved apart in a lateral direction by 
'^ protractor sliding muscles,'' so that the apices of the valves are 
made to diverge from one another sideways, instead of approach- 
ing one another on opening, as in the more common brachiopods, 
the Articulata. 

Lingnla. — Shell formed of alternating lamellse of homy matter 
and phosphate of lime, the former predominating; flexible in 
modern examples; punctate. Almost equivalve, each valve 
shaped like a flat shovel, pointed at the beak, truncated on the 
opposite margin. Smooth, or marked by mere delicate concentric 
growth-lines. A pedicle emerged between the beaks of the 
valves. 

Ordovician to BecerU, 

Lingalella. — Like Lingula, but with a vertical slit running 
from the beak of the ventral valve, probably to allow of the 

*See R. Etheridge, jun., Quart, Journ, Geol. Soe.^ 1876, p. 454, and 1878, 
p. 498. 
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passage of the pedicle. Muscular impressions stronger than in 
Lingula. 

Z. Cambrian to Ordomdan, 

Obolella. — Shell built up like that of Lingula, but with phos- 
phate of lime preponderating over the horny layers. Form ap- 
proaching circular, nearly equivalve; valves only slightly convex, 
and concentrically marked. The beak of the ventral valve is fur- 
rowed on the inner side by a groove for the pedicle. Diflfers from 
Obolus only in form and position of muscular impressions, those 
near the centre of the valve in Obolella being widest at the end 
away from the beak, while in Obolus this end is narrowest. 

Both genera have the same range, Cambrian and Ord(Jfncian, 

Discina (fig. 67). — Shell minutely punctate, composed mostly 
of horny matter. Inequivalve. Form circular, smooth or 
concentrically marked. Ventral valve flat or slightly conical| 
with beak almost central; a foramen occurs close against the 





Fig. 67.— -DwcMia Forhesii (Wenlock Fig. 68.— Cranta pariaienais 
Beds). (Senonian). Interior of ven- 

tral valve. 

beak in adult forms, and from it a furrow sometimes runs externally 
towards the margin. Dorsal valve conical, with an excentrio 
beak. The forms with a frirrow have been called Orbicoloidea, 
and those with a ventral median septum Discinisca, leaving 
Discina only for Recent species. In its usual wider sense, 
Discina is Cambrian to Recent, 



Crania (fig. 68). — Shell showing punctation on inner snr&oe 
only, the tubules breaking up into a number of much more 
minute ones as they near the outer surface. Calcareous and 
fairly thick ; sub-rectangular to circular ; surface smooth, or 
ribbed with ridges radiating from the beaks. Yentral valve 
conical and attached by the actual shell-substance of the beak, 
which is commonly nearly central. Dorsal valve conical, also 
with nearly central beak. Both valves have well developed 
muscular impressions and a characteristic broad flat border 
marked by granulations. The ventral valve is naturally often 
found adherent to other fossils, without the dorsal valve,^ 

Ordovician to Recent 2l^^^§l^ 
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CHAPTER XXIV. 

FOSSIL GENERIC TYPES. 

YII. Lamellibranchiata. 

Ik contrast with those of the Brachiopoda, the bivalve shells of 
these animals have typically equal valves. Moreover, hold the 
shell so that one valve faces the observer and the umbos form 
the highest point ; a vertical plane passing through the umbos, 
and perpendicular to the plane of junction of the valves, will 
divide the shell into two unequal parts. Hence the shells are 




Fig. 69. — SinnpalUate Lamellibranch {Oythena ineroMcUck, Oligocene); left 
valve, a, ImpressioDS of the adductor muscles. a,l,f Anterior lateral 
tooth. e,l,y Groove for the exterual ligament. A, Hinge, with three 
diver^g cardinal teeth ; the middle one is divided by a groove. 2, 
Lunule. p, Pallial line ; the infold or sinus indicates the position of 
the retractor muscle of the siphons, u, Umbo. 

said to be eguivalve but inequilateral. The longer part is in 
almost all cases the posterior. 

One or other valve may become smaller ; but in these inequi- 
valve genera the inequilateral character will probably betray 
itself (fig. 72). Similarly some genera have shells that are 
practically equilateral ; but a slight difference of the hinge-line 
on either side of the umbo {"^g, 91), or the posterior position of the 
single internal muscular impression, will often serve as a guide. 

The classification here adopted seems suited to those who 
unfortunately have to deal with empty shells rather than with 
living molluscs ; but it must not be regarded in all cases as an 
expression of the nearest zoological alliances. The separation 
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of Leda and Nucula is a marked illustration of this. (See the 
interesting discussion by F. Bernard, Paliontologiey pp. 541-543.) 

Terms used : — 

Anterior Border, — The end of the shell where the mouth and 
foot were situated. 

Posterior Border. — The end of the shell where the cloacal 
aperture and, in siphonate forms, the siphons, were situated. 

Umbo. — The beak or apex of either valve. This in the 
majority of forms is directed forwards — i.e., towards the anterior 
end. Sometimes bent round or even pointing posteriorly. 

Hinge-line or " Hinge-border." — The line along which move- 
ment takes place when the valves open. 

Vended Border. — ^That opposite to the hinge-line. 

Bight and Left Valvea. — The shell is held resting upon its 
ventral border, and the anterior border of the shell is directed 
away from the observer. The "right" valve is then to his 
right, the " left" valve to his left. 

LigamenL — ^The "external ligament" (by which the valves 
would be opened unless held closed by the muscles within) is 
placed, in the main, posteriorly to the umbos, and sometimes 
leaves an impression above this part of the hinge-line. The 
" internal ligament," or " cartilage," lies within, below the hinge- 
line, and is set in ligamentcd grooves or pits (figs. 84 and 93), 
which are seen near the hinge when the animal matter has 
disappeared. It may be remembered that the internal ligament 
becomes compressed when the valves close, and that its expan- 
sion causes them to open directly the muscular pull is released. 
Sometimes only one of the ligaments is present. 

Area, or Bscutchean. — A generally elongated oval area seen 
behind the umbos in some genera, when the valves are united, 
and running some way along the hinge-line. 

Lunule. — An o^al area seen, when the valves are united, in 
front of the umbos. 

Gaping. — When the valves are closed, and yet leave an 
opening at one or both ends, the shell is said to be gaping. 

The following structures must be noticed on the interior of 
the valves : — 

Cardinal Teeth. — One or more processes, fitting into sockets 
in the opposing valve, and arising near the centre of the hinge- 
line. The teeth thus alternate in opposite valves. The true 
cardinal teeth arise below the umbo, but may extend back 
obliquely from it, so as to stimulate lateral teeth. 

Lateral 7'eeth. — Similar processes commonly ridge-like, towards 
the anterior or posterior end of the hinge (figs. 69 and 73). 

Mtiscular Impressions. — These are shallow, fairly circular, or 
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pear-shaped pits representing the sar£etces of attachment of the 
adductor muscles, or muscles used in keeping the shell closed. 
Sometimes only one (the posterior), sometimes two, are present 
in each valve. When the two impressions are fairly equal in 
area, the shell is that of a ffomomi/arian ; when the anterior 
impression is smaller, it is that of a Heteromyarian. The animals 
with only one adductor muscle are said to be Monamyarian, 

FaUial Line. — ^This is a faint impressed line, parallel to the 
border of the valve and a little way within it, representing the 
line of attachment of the muscles that are placed near the edge 
of the mantle. If it is continuously convex outwardly, the 
shell is said to be irUegripalluUe. If it is more or less indented 
by a pallial sinus, the shell is sinupalliate. 

PMid Sinus, — ^An infold of the posterior portion of the 
pallial line, sometimes a mere shallow curve, sometimes deep 
and extending back even beyond the centre of the valve. This 
occurs only in forms which can extend and retract their siphons. 

The structure of the shell-substance itself exhibits two layers, 
the whole being covered in life by a skin, or ''periostracum." The 
outer layer, sometimes thick, sometimes thin, consists of calcareous 
prisms in contact along their walls. Here and there a polygonal 
interspace occurs. The fibrous structure seen on cross-fracture 
of Inoceramus is due to well-developed prisms of this nature. 

The inner layer is formed of delicate, compact, and pearly 
lamellae, sometimes accumulated to a great thickness. These 
layers occasionally leave irregular interspaces or chambers of 
flattened and curving form, as in the thickened region near the 
umbos of some oysters. 

The shell-substance is sometimes calcite, but most commonly 
aragonite. Or, when both minerals are present, the outer layer con- 
sists of calcite, the inner of aragonite. The mineral constitution 
of the shells of many genera yet awaits investigation, and the 
usual alteration of aragonite in old forms into granular calcite pre- 
cludes certainty of determination in some extinct examples. 

The lamellibranchiata are mostly marine; the firesh- water 
types referred to will be specially indicated. Some genera are 
attached to the sea-floor by the shell itself; others by fibrous 
outgrowths, the byssus, issuing near the umbos ; others are free 
and locomotive. A few lamellibranchs, of ditferemt families, 
bore into mud, wood (as Teredo, the ship-worm), or into other 
shells, corals, or even the hardest stone (as Pholas and Litho- 
domus) ; the cavity thus made is called a erypt, and is increased 
until the animal and shell attain their full development. Thus 
the animal cannot leave the cavity, communication being kept 
up with the exterior through the narrow opening which repre- 
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Bents the first stage of the boring. The siphons are turned 
upwards, the anterior end of the animal being downwards, and a 
calcareous siphonal tube is sometimes developed, the small shell- 
valves becoming dwarfed by comparison and incorporated with 
the tube, and the whole shell thus appealing cylindrical. Asper- 
gillum is one of the most remarkable examples. 

Boring shells are often represented merely by casts of their 
crypts, which are often club-shaped, the short handle of the club 
being the result of the infilling of the narrow entry to the cavity. 

Fossil siphonate shells are occasionally found — and should be 
looked for — in the position in which they lived in the soft mud 
which ultimately entombed them ; their umbos are thus directed 
downwards, and their siphonal ends upwards, in the stratum. 

A. HOMOMYARIAN SiPHONATE FORMS WITH PaLLIAL SiNUB 

(Sinupalliate). 

The adductor muscular impressions are two in each valve, one 
posterior, one anterior, and fairly equally developed. The 
animal possessed long retr^tile siphons. In certain exceptional 
families these siphons are encased in a calcareous tube projecting 
far beyond the limits of the valves. 

Gytherea (fig. 69). — Shell thick, approximating to circular, 
umbo well forward, with lunule. Generally concentrically 
marked. Three diverging well developed cardinal teeth in each 
valve. An anterior lateral tooth in left valve. Pallial sinus acute- 
angled, moderately developed. Inner margin of shell smooth. 
Cretaceous to Recent, 

Venus. — Like Oytherea, but without lateral tooth, and com- 
monly with delicately grooved inner border. 
Jurassic to Recent. 

Tellina. — Slightly inequivalve. Shell thin, elongated oval, 
rounded anteriorly, more acute behind. Umbos almost in 
centre. Concentrically marked. Hinge nar- 
row ; in each valve two cardinal teeth, and 
commonly an anterior and posterior lateral 
tooth. Sinus very broad and deep (fig. 70). 

Cretaceous to Recent; this genus is par- 
ticularly rich in living species. 

Fig. 10. •-'Tellina 

(Post - Pliocene). PanopflBa (Glycimeiis). — Shell thick, often 

Right valve, large, and approaching an elongated rectangl a 

Sul^l"§in8 Gaping at both ends. Umbos rounded and 

' placed well forward. Concentrically marked. 

One cardinal tooth in each valye. 
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ilTbee.— The limits of this genus are somewhat obscure. 

Cainozoic, Many older forms referred to Panopsea are now 
placed with the PholadomyidsB (Gresslya, &c.) 

Pholadomya. — Shell thin, elongated or obliquely oval, markedly 
convex ; gaping behind and sometimes in front. Anterior border 
a little truncated. Umbos well forward. Escutcheon some- 
times present. Marked with knotty radial ribs, particularly on 
the anterior surface; also with more delicate concentric lines. 
Practically toothless, one obscure process occurring in each 
valve. Sinus broad and feirly deep. The thinness of the shell 
makes casts alone commonly met with. 

Lias to Recent, Oharacteristically Jurassic. 

Goniomya. — Like Pholadomya, but marked with rather delicate 
ribs, forming Vs, the angle of which is directed towards the 
middle of the ventral border. 

Especially Jurassic. 

Homomya. — Like Pholadomya, rather elongated, gaping at 
both ends, but with only concentric striations. 

Trias to Cretaceous. 

Gresslya. — Also one of the Pholadomyidae. Elongated oval, 
much like the longer Pholadomyas, but right valve somewhat 
larger than left, the umbo rising higher. Umbos well forward ; 
lunule present, no escutcheon. Concentrically marked. No 
teeth. Right valve with a ridge running along the hinge-line 
from the umbo posteriorly, which leaves a furrow in the 
casts that frequently occur. Oompare Ceromya. 

Trias to Jurassic. 

Ceromya (Isocardia in part). — Inequi valve, sometimes the 
right, but more commonly the left valve being slightly the larger, 
the umbo rising higher, as in Gresslya, and the posterior border 
overlapping that of the other valve. Approximating to circular, 
strongly convex, slightly gaping. Umbos large and well rounded ; 
lunule feeble or absent. Concentrically marked. No teeth. 
Ridge in right valve, as in Gresslya. Commonly found as casts. 

Typically Middle and Upper Jurassic. 

Mactra. — Shell fairly thick, approximately triangular, rounded 
in front, more pointed beliind; gaping slightly posteriorly. 
Concentrically marked. A cardinal tooth in each i^ve, bifur- 
cating, and thus shaped like an inverted V; behind it, and still 
under the umbo, a triangular pit, which marks the position of 
the cartilage or internal ligament. A second cardinal tooth, of 
lamellar shape, is sometimes present. Anterior and posterior 
lamellar lateral teeth well marked, those of the right valve being 
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double— itf., consisting of two parallel ridges running along the 

hinge-line. Sinus shallow. 

Middle Jurassic to Recent, Especially Cainozaic 

Mya (fig. 71). — Tnequivalve, left valve the smaller. Elon- 

gated, somewhat oblong ; gaping markedly at both ends. Umbos 





Fig. 71. — J/ya truncata (Post- Fig. 72.— Cor&uZdjnmim (Oligooene). 
Pliocene). Left valve, showing Showing inequivalve character, 

the large spoon-like process be- 
neath the nmba 

approaching centre of margin. Concentrically marked. Left 
valve with a well developed spoon-like process under the umbo^ 
for the attachment of the cartilage. Bight valve with one small 
cardinal tooth. Sinus large and deep ; pallial line often shows 
strong subsidiary impressions running upwards from it. 

The Myas burrow into sandy mud, particularly near the shore. 

Miocene to Recent, 

Corbula (fig. 72). — Ally of Hya. Inequi valve, left valve much 
the smaller. Shell small, oval, produced posteriorly, ending 
there with rather a straight border; not gaping. Concentrically 
marked. One cardinal tooth in right valve ; left valve with a 
process much like that of Mya, which fits into a groove behind 
the tooth of the right valve. Sinus quite shallow. 

Marine or Estuarine. 

Trias to Recent Especially Cainazoic, 

Leda. — Shell small, elongated and narrowed posteriorly, with 
umbos directed backwards. Hinge-line bent, with numerous 
transverse teeth, as in Nucula, with which Leda should be com- 
pared (see fig. 80). 

Ootlandian to Recent. 

Teredo. — One of the Pholadidse; the so-called ship-worm. 
Shell small, each valve three-lobed, the central lobe the longest. 
Concentrically striated. No true hinge or ligament, the valves 
being quite subsidiary to the great siphonal tube, which extends 
far beyond them. 
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The borings of this mollusc are tubular like those of worms, 
but typically somewhat straighter ; they are found commonly in 
fossil wood, as in the London Clay, either empty or infilled with 
mud or crystalline deposits. 

Lias to JRecent. Especially Cainozoic 



B. HOMOMTARIAN SiPHONATE FORMS WITHOUT PaLLIAL 

Sinus (Integbipalliatb). 

The adductor muscular impressions are two in each valve, as 
in the preceding group, and the absence of the pallial sinus 
makes the interior of the valves resemble those of homomyarian 
asiphonate forms. The siphons of the animal were not retractile. 

Gardiom. — The common Cockle. Shell fairly thick, approxi- 
mately circular, or elongated in a vertical direction ; sometimes 
slightly gaping behind. Umbos rather large and rounded. 
Eadially ribbed, the ribs commonly ornamented with protuber- 
ances. Two cardinal teeth and an anterior and posterior lateral 
in each valve (fig. 73). Inner border notched. 

Forms with radial markings on the posterior part only, and 
concentric on the remainder, have been sometimes divided off 
under the name Protocardia. 

RJuBtic to RecerU; especially Cainozoic. 

Gonocardinm (fig. 74). — Shell heart-shaped when viewed from 





Fig. 73. — Hinge of Cardium edtde 
(Recent). Left valve, c, The two 
cardinal teeth. ^ The ridge-like 
lateral teeth. 



Fig. 



74. — Cotiocardium cUtfortM 
(Carboniferous). 



the front, but somewhat elongated behind; strongly convex. 
The anterior end is truncated, the umbo being close to it ; just 
below the umbo a tube-like prolongation of the shell runs out in 
continuation of the hinge-line. Gaping at the posterior end. 
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Hadially marked; margins sharply folded by the ridges aad 
farrows. Almost toothless. 

QoUandian to Carboniferous. 

Cyrena (fig. 75). — Shell thick, oval, sometimes rather acute 
posteriorly. Ooncentrically marked. Three cardinal teeth and 
an anterior and posterior lateral in each valve. Sometimes a 
slight pallial sinus. In the sub-genus Gorbicola the lateral teeth 
are elongated and transversely striated. 




Fig. 16,— Cyrena cunei/ormis (Lower London Tertiariee). 



Brackish or firesh-water at present day, but often associated at 
river-mouths with typically marine shells, and hence of little 
value as a guide to conditions of deposition. 
Lias to Recent, 

Cyclas (SphflBrium). — Ally of Oyrena, but shell thin and nearly 
equilateral. One feeble cardinal tooth in right valve and two in 
left. Lamellar anterior and posterior lateral teeth. Fresh- water. 
The reference of Wealden species to this genus has been criticised, 
though very generally made. Sandberger quotes the earliest 
Cyclas as Eocene, referring older forms to Cyrena, &c. 

Gyprina. — Shell thick, oval, resembling Cytherea; markedly 
convex. Concentrically striated. Two car- 
dinal teeth and one posterior lateral tooth 
in each valve. There are also two feeble 
anterior lateral teeth in the right valve; 
and in the left valve one anterior lateral 
(Fischer). 

Lias to Recent. 

Astarte (fig. 76).— Shell thick, approach- 
ing circular at times, at others obliquely 
elongated. Umbos rather pointed ; lunula 
generally present. Concentrically marked 
Two cardinal teeth in each valve; no laterals. 
Lias to Recent. Especially Cainozoio. 




Fig. 76. — AstarU 
elegans (Inferior 
Oolite). 
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Cardita. — Shell thick, somewhat like Cardium, but occasionally 
ek)ngated. Umbos well forward Radially ribbed. Inner 
border notched. Two elongated cardinal teeth, and a feeble 
anterior lateral, in right valve ; two divergent cardinal teeth, 
and one feeble posterior lateral, in left valve. (As to difficulty 
in reading teeth in Oardita, see Fischer, Conchyliologie, p. 902.) 

Trias to ReeenU Especially Cainozaic. 

Venerlcardia.~Much like Oardita. Tt(^o oblique cardinal 
teeth, and a feeble anterior lateral, in right valve ; two cardinal 
teeth and one long lamellar posterior lateral in left valve. 
Interior of margin of shell distinctly notched. 

Eocene to Recent, 

Crassatella. — Shell decidedly thick, oval, truncated slightly at 
posterior margin. Lunule present Three cardinal teeth in 
right, two in left valve ; an anterior and posterior lateral in both. 
Pit for cartilage immediately below the umbos, and behind the 
middle cardinal tooth of the right valve. 

Cretaceaua to RecerU. Especially U. Cretaceotu and Eocene, 



Cardlnia. — Placed by S. P. Woodward near Oardita^ by other 
authors as an asiphonate form near XJnio. Shell elongated, oval, 
flattened at the sides. Umbo well forward. Concentrically 
marked. Two cardinal teeth in left valve, one in right, their 
feeble development being a characteristic . feature ; anterior 
lateral tooth in right valve, elongated posterior lateral in left, 
well developed. 

Jurassic. Especially Lias, 



Ghama« — Inequivalve; commonly attached by the umbo of the 
left valve, the upper valve, which is therefore generally the rights 
being the smaller. Shell thick, almost circular. Umbos of both 
valves bent forward and curved over, as if about to coil spirally. 
Oonceutrically marked, the successive shell-layers protruding 
beneath one another with irregularly seirated edges, giving 
the surface a foliaceous appearance. One stout cardinal tooth in 
upper valve, two in lower, between which the first-named fits. 
Zotjoer Cretaceous to Recent, Especially Gaimczoic, 
Diceras. — Slightly inequivalve; attached by umbo of one or 
other valve. Shell thick, approximately circular. Umbos very 
prominent, each being spirally curved and recumbent, as it were, 
against the sur&ce of the shelL Concentrically marked. Right 
valve with one cardinal tooth, somewhat flattened and folded j 
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also a smaller tooth near the anterior end of the hinge. Left 
yalve with one curving tooth, which is elongated parallel to 
the border. The curved muscular im- 
pressions are bounded by ridges, which 
leave spiral grooves on the casts that 
often occur; these grooves run almost 
vertically down towards the edge repre- 
senting the margin of the valves. In 
such casts the umbos appear still more 
distinctly prominent, the spiral turns of 
the internal moulds not being in contact 
with one another. 

Jf. and U. Jurassic {Tithonian). 
Hippnrites (fig. 77).— This extraordin- 
ary shell, a representative of an altogether 
exceptional family, the Rudist«, is now 
regarded as allied to Diceras and the 
other Obamidse, particularly through 
Monopleura, in which one valve is coni- 
cal and the other like an operculum 
fitting on it. In Hippurites the shell 
is also very inequivalve, the lower valve, 
which is the right, being conical, or more 
often cylindrical, terminating in a cone 
at the base. This valve is verticiilly 
furrowed and ribbed. Left valve small 
and flattish, strewn over with the small 
apertures of canals which perforate the 
shell; radially ribbed in most cases, with 
central umbo; resembles an operculum 
when closed down on the large right 
valve. The interior of the left vflJve 
bears long vertical processes corre- 
sponding to teeth, which fit into deep sockets in the lower valve. 
The chamber in which the animal lived is quite small, the 
lower part of the shell being filled up by the deposit of the 
inner shell-layer, which produces a succession of irregularly 
curving partitions, with interspaces. A similar infilling occurs 
within the long umbos of certain oysters. 

In some allied forms, as Radiolites, the outer prismatic shell- 
layer presents on fracture a coarse structure of hollow rectangular 
cells. 

The resemblance that the shells of Hippurites, d^c, bear to 




Fig. 77. — Hippuritea (Sen- 
onian). Left (opercular) 
valve removed. 
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corals is sometimes increased by their clustering together and 
growing up side by side in groups. 

Entirely Cretfkceoua ; particularly in the higher beds. 



C. HOMOMTABIAN ASIPHONATE FORMS (InTEORI PALLIATE). 

The animal does not possess distinct siphons. The impres- 
sions of the anterior and posterior adductor muscles are practi- 
cally of the same size. Shell typically equivalve. 

Area (fig. 78^. — Shell thick, approaching rectangular; markedly 
convex. UmDos prominent and rounded, with a triangular 
striated area between them and the hinge-line, forming a surface 
of attachment for the ligament during life. Kadially marked. 
Straight hinge-line. Teeth very numerous in each valve, forming 
well-marked short transverse ridges on the broad surface of the 





Fig. 1%.—Arca No<b (Recent). Left valve, Fig. 79.— GuctdlcBa HoT' 

showing area beneath tiie umbo, and dtTigii (Devonian), 

the numerouji hinge-teeth. 

hinge, the series extending on each side of the umbo nearly to 
the lateral margins. 

Pre-eocene forms are perhaps more allied to Parallelodon. 

Ordovician (?) to Recent. 

Gyrtodonta (PalsBarca). — Close ally of Area; umbo near anterior 
border. Some of the teeth lie beneath the umbo, others are set 
near the posterior part of the hinge. Concentrically striated. 

Cambrlcm to Devonian. 

GucullsBa (fig. 79). — Like a stout Area in form ; but the teeth 
nearest the anterior and posterior margins are set parallel to the 
hinge-line, forming horizontal ridges. Concentrically striated. 

Devonian to Recent Especially Mesozoic, Whidborne, Pal. 
Soc, "Devonian Fauna," vol. iii. (1898), p. 109, includes two 
Devonian species. 

Parallelodon (Macrodon).— Much like CucuUsea, but umbo more 
anterior, and anterior teeth transverse, posterior parallel to 
hinge-line and ridge-like. 
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Devonian to Eocene, Especially Ca/rhoniferous, 

Pectoncalas. — Shell thick; valves almost circular and equi- 
lateral Triangular ligamental surface as in Area. In most 
species radially and rather delicately marked. Hinge-line curved, 
with numerous transverse teeth, those nearest the centre being 
obliterated as the shell approaches old age. Inner margin of 
valves notched. Shell aragonite {Cornish and Kendall), 

Lower Grelaceoue to Beceni, Especially Cainozoic. 

Cardiola. — Form intermediate between a typical Area and a 
Pectunculus. Umbos distinctly anterior and slightly twisted. 
Ligamental surface under them as in Area and Pectunculus. 
Surface furrowed radially and concentrically, so as to give a 
nodose aspect. Hinge-line straight. Believed to be toothless. 
The alliance of this shell with the ArcidsB is fairly clear, despite 
the obscurity as to its teeth. 

OotUmdian and Devonian. 

Nucola (fig. 80). — Shell small, somewhat triangular, the umbo 
forming the apex. The umbos point backwards, the smaller 
half of each valve being thus, by an exception, posterior.* Hinge- 




Fig. SO.—NuctUa CobholduB (Post-Pliocene). The right valve shows the 
numerous hinge-teeth and the cartilage-pit. 

border forming two lines diverging from the umbos ; the teeth 
resemble those of Area, and are set along the two diverging lines 
of the hinge. A pit for the cartilage occurs under the umbo. 
Concentrically or ludially marked. Compare Leda, p. 327. 
Ootlandian to Recent, 



Trigonia. — Shell thick, typically rather angular at umbo, 
rounded anteriorly ; drawn out, but finally truncated, behind. 
Umbo bent slightly backwards. A large area or escutcheon is 
commonly formed on the posterior surface, bounded on each 
valve by a fold, which runs from the umbo to the lower point 

* On this point see Verrill and Bush, Am, Journ. Sci.y ser. 4, vol. iii 
(1897), p. 62. 
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of the truncated border. A subsidiary escutcbeon is formed 
within this by another pair of folds, which occur much nearer to 
the hinge-line. Marked with nodose radial (rarely concentric) 
ribs, which are generally coarsely developed. The posterior area 
above described is often smoother than the rest of the surface, 
and is marked by strise parallel to the truncated border. Two 
diverging plate-like cardinal teeth in right valve, with parallel 
grooves on their broad surfaces ; one strong central tooth in left 
valve, with a feebler tooth on each side of it. 

When the shell is lost, the fossil forms are represented by 
casts, in which the nodose ribs are wanting. Hence the char- 
acteristic form, and particularly the impressions of the furrowed 
teeth, must be taken as a guide. 
Trias to Recent, Very rare in Gcwnozoic ; abundant in Jurassic, 
Schizodns. — Form much like a small Trigonia. Surface 
smooth. Teeth like Trigonia, but not furrowed. 

2rpically Permian. 
yophoria. — Form somewhat like Trigonia, with an external 
ridge and furrow running obliquely from the umbo to the junc- 
tion of the ventral and posterior borders. Smooth, or ribbed 
concentrically or radially. Teeth as in Trigonia, but the anterior 
one in the right valve is not furrowed. 

This genus is with difficulty separated from Trigonia, but the 
shells are typically smaller and not nodose. Nor is ike umbo 
so angular as in Trigonia. 

Trias. 

Unio. — Shell fairly thick, elonpited oval, and sometimes ap- 
proaching a parallelogram. Umbos well forward. Commonly 
rather smooth, concentrically marked. Two irregular teeth in 
each valve ; these are followed by one posterior lateral tooth in 
right valve, and by two in left, elongated parallel to the border. 
Fresh-water. 

Trias to Recent ; especially abundant at the present day. 

Anodonta. — Shell thin; otherwise like Unio, but devoid of 
teeth. Fresh-water. 

CainoTsoic. 

Arohanodon. — Early ally of Anodonta. Probably toothless. 
U. Devonian {A. Jukesit), in passage-beds to Carboniferous. 

Garbonicola (Anthracosia). — Outwardly has some resemblance 
to Cardinia. One cardinal tooth in each valve; no laterals. 
Probably Fresh-water (Hind). 

Coal-Afeasures. 

Orthonota. — Elongated, oval ; umbos near anterior end ; well 
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marked lunule. One or two folds run obliquely from each umbo 
to the base of the posterior margin. Hinge-line straight, with one 
or two small cardinal teeth. Of somewhat doubtful affinities. 
Ordovician and Ootlandian, 

Note, — GFammysla is closely allied, bat its muscular impressions 
would arbitrarily remoye it to the heteromyaria. It is characterised by 
absence of teeth and by two or more grooyes and ridges ruxming from 
the umbo to the base of the posterior margin, and forming a broaider or 
narrower band across the concentrically striated shell or across its casta. 
The form is thus much like Orthonota ; also like Modiola. Ootlindian 
and Devonian. 

D. Hbtbroxtarian Siphonatk forms without Pallial 

Sinus (Intbgeipaluate). 

For muscles, see section £ below. 

Dreissensia (Dreissena). — Though a siphonate form, this is 
a close ally of Lithodomus and Modiola. Shell like Mytilus, or 
approximately quadrilateral, with an anterior opening between 
the yalyes for the byssus. Hinge-line samewhat curyed; umbos 
terminal. Often a fold, as in Modiola, runs from the umbos 
towards the base of the posterior margin. Smooth, or con- 
centrically marked. One or two feebly deyeloped cardinal 
teeth, accompanied below the umbo by a plate which bears an 
impression of the anterior muscle. Inner shell-layer absent 

Fresh and Brackish Water. 

Eocene to Recent. Especially Miocene and Pliocene. 

Congeria. — A marine ally of Dreissensia, with a small process 
for pedal muscle behind anterior muscular impression. 

Cainozoic and Recent, Abundant in the shallowing Miocene 
and Pliocene seas of Europe. 

E. Hbtebomtabian Asiphonate fobms (Inteobipalliatb). 

The impression of the anterior adductor muscle is much 
smaller than that of the posterior. Shell often inequiyalye. 

Avicola. — Inequiyalye, the left yalye more convex than the 
right Typically rather small ; obliquely oyal, often resembling 
the shape of an insect's wing. Straight hinge-line ; umbo not 
yery prominent The shell is expanded posteriorly under the 
hinge-line to form a well-marked ear; a much smaller ear, 
notched for the exit of the byssus by which the animal was 
attached, occurs in front of the umbo. Commonly marked 
radially. One feeble cardinal tooth, and sometimes a long 
posterior lateral tooth, in each valye. Oartilage-pit broad. 

Ordovician to Recent; but characteristically Mesozoic and 
Cainozoic, 

Pterinea. — Much like Ayicula, but with larger posterior ear, 
and a number of short hinge-teeth ; three or more elongated 
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posterior lateral teeth run obliquely from under the umbo 
towards the centre of the large posterior ear. 
Orchvician to Carb(mi/er<m8, Mostly Devonian, 

Posidouomya (fig. 81). — Equivalve. Shell thin and laterally 
compressed. Obliquely and rather broadly oyaL Umbos not 
prominent; hinge-line short and straight, without true ears. 
Concentrically marked. No teeth. See Estheria (Phyllopoda). 

Ordovician to Jwrassic Especially GcvrhoniferimB, 

Monotis. — Equivalve; typically small; form much like Fosi- 
donomya, but with a small rounded anterior ear and a more 
marked posterior one. Kadially marked. No teeth. 

Trias. 

Daonella. — ^Ally of Monotis. Form rather semicircular, with 
a fairly long straight hinge-line. No ears. Umbos almost 
central and not prominent. Radially marked. No teeth. 

Trias, 

Inoceramns (fig. 82). — Somewhat inequivalve. Varying much 
in size, some species meusurinK two feet or more across. Form 
obliquely oval, with a straight hmge-line. Umbos fairly prominent, 
sometimes twisted, and set well forward. Concentrically and 
boldly furrowed; rarely radially furrowed. The hinge-border 
bears, when viewed from within, numerous closely-set cartilage- 





fig. 81. — Poaidonomya Beeheri (Car- Fig. B2.—Inoceramu8 Guvieri 
boniff^roiu). (Senonian). Right valve. 

pits, which lie transversely to the length of the hinge. No 
teeth. Compare Pema below. 

The outer layer of the shell is commonly well preserved in the 
species from the Chalk, though not in those from the Gault; 
it is easily recognised, even in fragments, by its fibrous cross- 
fracture (see p. 324) and is often 5 mm. thick. The inner 
surface of these fragments is seen to be smooth and slightly 
undulating. 
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A Bub-genu8 Actinoceramas (fig. 83) has been established for 
the singular species with deep radial furrows; but transitional 
forms occur. 





Pig. 83. —Inoceramtu {Aoiiuh Fig. 84.— P«mo MuUeti ( Atherfield Clay). 
eeramua) tulccUw (Gault). Showinff (a) the aeries of ligament-pits 

in the mnge-line, which is in this species 
exceptionally produced. 

Meaozoie. Especially Cretaceoits. 

Pema (fig. 84). — Sometimes markedly inequivalve. General 
resemblance to Inoceramus. Sometimes elongated posteriorly, 
but often approximately quadrilateral, with rounded ventral 
border. The umbo, which is acute, is set at the anterior end of the 
straight hinge-line. Concentritally marked. Numerous trans- 
verse ligamental pits. Toothless. Material of shell foliaceous. 

Trias to Recent, 

Gervillia. — Inequivalve ; resembling a much elongated Avicula. 
Hinge-line straight, with a very small anterior and a larger pos- 
terior ear. Umbo terminal, like a mere anterior rounding of the 
hinge-line. Concentrically marked. Oblique ridge-like teeth, 
running posteriorly ; in sub-genus Hoemesia one cardinal tooth 
in each valve. Oartilage-pits conspicuous, broad, and set at 
some distance from one another. 

Trias to Eocene, Typically a Meeozoic genus. 

Pinna. — Shell thin, elongated, each valve triangular in form ; 
gaping behind, so that the whole shell is wedge-shaped. Hinge- 
line long and straight; umbos terminal. Marked with fine 
concentric lines. No teeth. 

The inner shell-layer is thin, and is composed of ara- 
gonite; the prismatic (calcite) layer is thus particularly pro- 
minent. In the allied genus rinmgena or Tricnites (of Jurasaio 
and Lower Cretaceous age) the prismatic fragments are found an 
inch or more in thickness. 

Devonian to Recent Especially Cretaceous. 

Mytilns. — The common marine mussel. Shell ratlier thin; 
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Fig. 85,—Modida Fittoni 
(Purbeck Beds). 



elongated and approaching triangular, pointed in front, rounded 
behind. Smooth, or concentri^Jly (rarely radially) marked. 
Hinge-line straight, umbos terminal. Sometimes one or two 
obscure cardinal teeth. 

The modem mussels live near the shore-line, becoming un- 
covered at low water, and are attached, often to one another, 
by a coarse byssus. The inner shell layer is aragonite. 
Triaa to Recent. 

Modiola (fig. 85). — Bears some resemblance to Mytilus, but in 
form approaches an elongated rectangle; the posterior end is 
more rounded than the anterior, and 
a broad fold often runs obliquely from 
the umbo to the base of the posterior 
margin. Umbos not quite terminal; 
hence this region of the shell has none 
of the triangular appearance so charac- 
teristic of the anterior end of Mytilus. 
Ooncen trically (rarely radially) marked. 
No teeth. 

The modem Modiola is burrowing in 
habit, or forms a nest around it of fragments of sand, shells, kc, 

Devonicm to Recent. Especi- 
ally Jti/rassic. 

Lithodomms. — Close ally of 
Modiola. Shell cylindrical, 
narrowed behind, not greatly 
elongated. No teeth. 

Burrows into stones (as at 
the famous Temple of Serapis), 
corals, <fec., forming crypts 
which yield club-shaped casta 
(see p. Z2i), 

Carboniferous to Recent 

Note. — For Dreissena, an ally of 
the above series, see p. 3«35. 

Hippopodium (fig. 86).— Shell 
very thick and massive ; form 
somewhatlike Modiola. Lunule 
present. Coarsely and concen- 
trically furrowed. One thick 
oblique cardinal tooth in each 
valve. The muscular impressions cause the genus to be here 
placed with the Heteromyaria ; but S. P. Woodward regarded 
Hippopodium as " a ponderous form of Cypricardia or Cai^ita." 
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F. MONOMTARIAir ASIPHONATB FORMS (InTBORIPALLIATB). 

The shell is closed in the adult by one adductor muscle, which 
leaves a nearly central impression^ placed rather towards the 
posterior side. It is always the anterior muscle that has dis- 
appeared. Except where specially mentioned, the memboTS of 
this sub-group are toothless in the adult condition. Shell often 
inequivalve, and commonly attached by one or other valve. 
Hence, when loosened, the lower valve may reveal an outer 
scar of very various form, sometimes representing, as an 
external mould, another sheU on which the young animal had 
become fixed. Occasionally in the Ostreidsd the young shell lies 
on some surface with prominent markings, such as that of 
Trigonia or Cidaris, and both valves become folded to suit the 
curves of the support. As growth proceeds, the nacreous layer 
is constantly being added to within, while the shell is also 
spreading at the margins ; thus the original portions bearing the 
impress of the support become separated by new material, and 
form strangely marked umbos to the shell. The impressions are 
thus convex on the upper valve, concave on the lower; while 
within no trace of them is to be seen. 

Ostrea (fig. 87 WAttached by left valve. Shell rather inequi- 
valve, composed of foliaceous layers; often thick, especially 
near the umbos. Form rather flat, lower valve more convex. 
Irregularly rounded at ventral margin, more acute at dorsal, the 
umbos being nearly central on the hinge-line. Umbo of left 





Fig. 87. — Of<lrea expanaa (Portlandian). 
Showing thickened character of the shell 
and the single muscular impression. 



Fig. 88. — Aleclryonia 
Jrona (Cretaceous). 



(lower) valve more prominent than that of right. Concentrically 
marked, with sometimes broad irregular radial foldings. A well- 
marked triangular cartilage-pit occurs below the umbo. Shell 
composed of calcite (Sorby). 

Trias to Recent. Doubtfully Cafhoniferoua, 

Alectryonia (fig. 88). — A genus cut off from Ostrea to include 
forms with bold angular ribs and furrows in both valves, th^ 
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margins becoming consequently acutely folded, and the space 
occupied by the animal being much restricted in volume. 

Tricts to Recent ; especially Cretaceous, 

Gryphsa. — Free, or attached only by umbo of left valve. Shell 
inequivalve, thick, oyster-like. Nearly equilateral. Left valve 
strongly convex, with umbo bent over and inwards ; right valve 
smaller, flatter, or even concave, and sometimes reduced to the 
appearance of an operculum. The form of the shell varies consider- 
ably, being, like Ostrea, sometimes expanded and approaching 
circular, sometimes much narrowed. Concentrically marked. 

ZuM to BecetU ; especially Jurassic to Lower Cretaceous, 

Ezogyra (fig. 89). — Much like Gryphsea, but both umbos 
twisted backwards almost spirally. Fixed by left valve, which 
is the larger. 

Jurassic to Cretaceous, 




Pig. S^.—Ezogyra sinuata (L, Cretaceoufl). Showing twisting o! 
the umhos. 

Lima. — Free, or attached only by 
byssus. Shell thin, equivalve ; obliquely 
oval, slightly convex, gaping at anterior 
border. Umbos somewhat acute, ap 
preaching a central position, and separ- 
ated from one another by a space in 
which a groove occurs for the ligament, 
which is partly external, partly internal 
(fig- 90). Short straight hinge-line, with 
a small ear on each side of umbos. 

The following have been divided off* as sub-genera .--7^ . 

zedbyC300gle 




Fig. 90.— Hing^e of lAma^ 
showing cartilage-pit. 
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Badola. — Strong smooth radial ribs, with some concentric 
markings. Small bjssal cleft under anterior ears. 

Pla^ostoma.— Smooth, or with very slight radial markings. 

Gtenostreon. — A coarse form with strong irregularly moulded 
radial ribs, and a distinct anterior opening for the byssus. 

Lima is an important genus, ranging from Carhonif&rovs to 
Recent. 

Pecten (fig 91). — Free, or attached only by byssus. Shell 
almost equilateral, slightly inequivalve, the right valve being 





Fig. 91. — Pecten {Chlamys) islandi- Fig. 92. — Janira qtunquecoetata 
ctM (Post- Pliocene). Right valve, (Cenomanian). 

showing the byseal notch. 

the more convex ; form almost semicircular ventrally, the border 
becoming straighter towards the pointed umbos. Distinct ears 
on each side of umbos, the anterior being often the larger. 
Anterior ear of right valve sometimes deeply notched back for 
the exit of the byssus, as in the important sub-genus Chlamys. 
Radially ribbed, sometimes very delicately ; but commonly on a 
bold but regular scale. A triangular cartilage-pit appears inter- 
nally under each umbo. 

The external shell-layer exhibits the prismatic structure with 
marked distinctness. Both layers are calcite (Sorby), 

An abundant and important genus. Devonian to Recent, 

Janira (fig. 92). — Inequivalve, the left valve flat or concave. 
Both valves with well marked ears, and ornamented with strong 
radial ribs. 

Inner shell-layer often lost {ZUtd) and probably aragonite. 

Cretaceous to Recent^ particularly the former. 

Aviculopecten. — Ally of Pecten, but more inequilateral. 
Anterior ear small, posterior larger and broader. Radially 
striated. Cartilage in several grooves, which are fairly parallel 
to the hinge-line. 

Devonian to Permian, 
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The next two genera, although monomyarian, possess hinge- 
teeth. 

Plicatnla (fig. 93).— Attached by Umbo of right valve. Form 
much like Ostrea. Umbos rather acute, but not prorainentw 
Concentrically marked, and some- 
times radially folded. Two diver- 
gent cardinal teeth in each valve, 
with a cartilage-pit between them* 

Triaa to Recent, Especially 
Jurassic and Lower Cretaceous. 

Spondylus.— Attached by right 
valve, not merely by the umbo. 
Form fairly regular, rounded 
ventrally, more acute dorsally, 
and almost equilateraL Umbos _^^^ 

separated somewhat, with a small tj,. no th- * i - /n v 
'xi. -J T»' i_x /I \ Fig. 93.— Paco^tua «mjM>«a (Lias), 

ear on either side. Right (lower) Showing the teeth and carti- 
valve with a triangular space lage-pit 
between the umbo and hinge-line, 

in which is a central groove which partly receives the cartilage. 
Eadially ribbed ; right valve sometimes with long spines. Two 
curved cardinal teeth in each valve, with the cartilage-pit between 
them. 

The inner shell-layer is formed of aragonite, and is therefore 
easily destroyed and seldom found. 

Jurassic to ReoenU Abundant at the present day. 




CHAPTER XXV. 

FOSSIL GENERIC TYPES. 

VIII. Scaphopoda. 

The animals of this division are Marine, and are sometimes 
regarded as the lowest of the gastropods. The shell is tubular, 
and has of^en been mistaken for the calcareous case of a worm. 

Dentalium. — Shell of varying size; tubular, slightly curved, 
and tapeiing from the wider anterior to the narrower posterior 
end. It thus resembles an elephant's tusk in form, but is open 
at both ends. Surface sometimes smooth, sometimes longi- 
tudinally striated. 

Ordovician to Recent, Eispecially Cainozaie^ 
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IX. Gastropoda. 

These include the typical uniyalves. The shell is spirally 
coiled, except in such simple types 
as the Limpet, and the terms used in 
describing it are as follows : — 

Spvre, — The coiled portion of the 
sheU above the terminal and youngest 
whorl. 

Whorl, — A single revolution of the 
spiral ooil of the shell. 

Sutii/re. — The line of junction of 
successive whorls, as seen on the 
surface of the shell; commonly marked 
by a groove. 

Umbilicus. — The hollow sometimes 
left in the centre of the shell when 
the whorls do not touch one another 
internally. This separation some- 
times occurs only in the last whorL 
CdumdlcL — ^The solid axis com- 
monly formed where the whorls come 
in contact in the central line of the 
spire. This columella is often set 
with one or more ridges, winding 
spirally up it 

Apex. — The point from which the 
spire commenced its growth. In the 
old age of some gastropods partitions 
are fprmed within the shell below the 
apex, and the earliest part of the 
spire finally breaks away. The shell 
becomes thus imperfect, and is said 
to be decolUUed. 

The apex forms the posterior end of the shell, the mouth the 
anierior. 

Mouth. — The terminal opening, sometimes very broad, some- 
times even slit-like. It is entire when in no way notclied or 
prolonged into canals. 

Gcvnals. — Tubular folds of the shell at the mouth, often open 

along their under side. An cmterior canal may occur, running 

out in front, and a posterior ^ directed up the outside of the spire, 

Hohstomatous shells have the mouth entire (fig. 101); tSiphono- 




Pig. 94.— GftBtropod {Funu), 
a, Apez.^ a.c, Anterior 
CaDal. i. Inner Lip. o, 
Oater Lip. ap, spire. 
«ti, Suture. 



Digitized by VjOOQIC 



344 aASTROPODA. 

stomatoiLs shells possess an anterior canal. The animals of the 
latter division are, at the present day, almost all carnivorous. 

Inner Lip. — The margin of the mouth nearest to the axis of 
the spire. 

OtUer Zdp. — The margin of the mouth away from the axis of 
the spire. This margin is sometimes thin, sometimes thickened, 
sometimes prolonged into spines, the latter being in reality 
tubular folds resembling the canals. 

Varices — Ridges or spinose bands running from the apex at 
intervals down the shell, and representing those stages in the 
growth of the spire when spines or thickenings of the outer lip 
took place (fig. 96). 

Operculum, — A homy or calcareous plate borne by the posterior 
part of the foot of the animal in some genera, and serving to 
close the mouth of the shell when the animal retracts itself 

The spire is typically so coiled that, when the apex is placed 
above, and the mouth below and facing the observer, the mouth 
lies to the right of the axis. Such shells are right-handed. Left- 
hamded sJieUs, however, occur at times, in which the spire is 
coiled in the opposite direction. 

The representation of gastropod shells in drawings with either 
the apex or the mouth upwards must be a matter of indifference, 
the best nomenclature of the extremities of the shell being, as 
already stated, "anterior" and "posterior," not "lower" and 
" upper." 

Several terms have been used to describe the form of the shell 
as a whole. The following may require explanation : — 

Turbinate. — Shell rather broadly conical as regards the spire, 
and approaching hemispherical below (fig. 103). 

Turreted. — Shell with an elongated spire, and not much pro- 
longed anteriorly (fig. 100). 

Spindle-shaped. — Shell with the anterior end also produced 
and narrowed, so that the stoutest region lies between two taper- 
ing portions (fig. 94). 

The shell-substance in most gastropods consists of three layers, 
as can be seen with a lens when the shell of modem examples 
has been cut across. In life, it is covered in very many genera 
by a skin, or " periostracum." The shell is formed of calcareous 
prisms as in the lamellibranchs, these prisms being grouped to 
form lamelln which are arranged in the central layer differently 
from those of the outer and inner layers. See Zi t tel, Palceontologie, 
£d. ii., p. 158 ; Cambridge Nat. Hist, MoUuscs, p. 255. 

The material is aragonite, and hence gastropods are often 
represented in fossil deposits only by casts. Some few species 
(for the character is not even generic) have an outer layer com- 
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posed of calcite. Mr. P. F. Kendall regards the shell of Scalaria 
as calcite ; and he remarks that the first two whorls in those 
species of Fusus which possess a calcite layer consist entirely of 
aragonite.* 

The gastropoda mostly inhabit the sea. The fresh-water 
genera will be specially indicated. The division of the Ful- 
monata contains several genera that live entirely on land. 

With the exception of the Fulmonata, all the gastropod 
genera, the shells of which are here discussed, belong to the 
order Prosobranchiata, or, in default of complete evidence, are 
placed in that order on account of the resemblance of their hard 
parts to those of living forms. The division of the members of 
this order into Holostomata and Siphonostomata, according to 
the character of the mouths of their shells, has proved unsatis- 
factory^ since it separates forms otherwise closely allied. The 
genera are here taken practically in the order adopted by Fischer, 
a group of allied shells being occasionally marked out by 
inclusion between two black lines. 

A. Prosobranchiata. 

The animal has its branchite placed anteriorly to the heart. 

Conns. — Spire short; last whorl large and narrowing anteriorly, 
so that the shell, with its apex upwards, resembles a short cone 
set on a steep inverted one. Mouth slit-like and long, with a 
slight anterior fold. Outer lip sharp, and notched back near the 
suture. Columella smooth. Surface commonly smooth, with 
mere growth-lines. S. P. Woodward quotes Conua monilis 
with a specific gravity of 2*910 (hence aragonite), and the fossil 
Contis ponderomis of the Miocene as 2*713. Some species may, 
therefore, contain a thick calcite layer. 

Upper Cretaceous to Recent, Abundant at the present day. 

Pleurotoma (Hg. 95). — This genus has been greatly subdivided. 
Shell spindle-shaped ; spire rather longer than the last whorl, 
and generally well indented at the suture. Mouth long, with 
anterior canal. Outer lip with a marked notch near the suture, 
which leaves a band on the shell as it closes over during growth. 
If the lip in a fossil form is broken away, the growth-lines may 
still indicate its backward curve. Columella smooth or with 
one or two ridges. Surface commonly ribbed vertically or 
horizontally, often with little spirally arranged knots. 

« •< Aragonite Shells in the Coralline Crag."* Qtol, Mag., 1883, p. 409. 
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Cretaceous to ReeefU. 

Voluta (fig. 96). — This name also covers many sub-genera. 
Shell thick. Shape somewhat like Conus, but more nodose and 
irregular. Spire fiairly short; last whorl large. Mouth long, 





Fig. 95. Fig. 96. 

PleurotomarotataiFoat- Voluta cUhieta (Barton Beds). 

Pliocene). Showing Showing knots and varices; 

the notched outer lip. also folds on the columella. 

with slight anterior fold. Outer lip fairly thick. Columella 
and inner lip with several ridge& Surface ofben marked with 
prominent short spinose outgrowths, and sometimes with corre- 
sponding varices. 

Upper Cretaceous to MecenL Especially Eocene, 

Fusus (fig. 94). — Shell thick. Spindle-shaped to ovoid, typically 
the former. Spire fairly long. Mouth oval, with long straight 
anterior canal, and no posterior notch. Columella smooth. Some 
late Cainozoic species have an outer calcite layer {Kendall). The 
genus has been much subdivided.* 

The sub-genus Clavella has its mouth sharply narrowed to 
form the canal, not tapering down as in Fusus proper. 

Jurassic to Becent, Most abundant in earlier C7at7u>;2^. Clavella 
is Camozoic, especially Eocene, 

Buccinnm (the Whelk; fig. 97). — Shell fairly ovoid, with few 
whorls, the last being large. Spire, however, prominent. Mouth 
oval, with a broad shallow anterior fold representing the canal. 
Inner lip smooth. Surfeice generally marked with vertical and 
spiral ridges. 

Pliocene to Recent, 

Nassa. — like Buccinum, but canal-fold more marked and 
slightly oblique. Outer lip marked with fine ribs running inwards. 

Upper Cretaceous to Recent, Especially later Cainozoic. 

* For a revision of many species, see Grabau, Smithsonian CoUections^ 
No. 1417 (1904). 
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Mnrex. — Shell thick, ovoid to spindle-shaped ; whorls strongly 
convex. Mouth rounded, but prolonged into a well-marked and 
sometimes long anterior canal, the sides of which fold over so as to 
make it almost tubular. Outer lip thick, and sometimes ribbed. 
Surface set with three or more strong varices, which are often re- 
markably knotty or spinose. Outer layer of shell calcite (Kendall). 

Upper Cretacecma to Recent, 





Fig. 91.—Buccinum undcUum Pig. 9S.—Fictda reticulata 

(Pliocene). (Pliocene). 

Trophon. — Ally of Murex. Spindle-shaped. Canal wider and 
bent on one side. Varices not set with knots. 

Pliocene to Recent, 

Purpura. — Shell thick, ovoid. Spire rather short. Mouth 
oval, with a canal-fold scarcely more marked than that of 
Buccinum. Inner lip flattened down and smooth. Outer layer 
of shell calcite (Sorhy). 

Miocene to Recent . , « , l _x i i. u i 

Cassidaria.— Shell thick and ovoid. Spire short; last whorl 
large and strongly convex. Mouth elongated oval, with a well- 
marked broad and obliquely bent canaL Outer lip expanded ; 
inner lip often ridged. Surface variously marked. 

(7. CretaceoiLS to Recent, 

Ficula (I^rula in part ; fig. 98).— Shell thin, ovoid, narrowed 
anteriorly. Spire very short, last whorl very large. Mouth 
large, and piolonged into a broad open anterior canal 

Lower Oretaceoua to Cainozoic; especially later Gainozoic^ but 
not abundant. 

Rostellaria.— Spindle-shaped ; spire long, commonly without 
much indentation at the suture. Mouth long, with a somewhat 
tubular elongated anterior canal, and a posterior groove-like 
canal runnincr towards the apex of the spira Outer lip rather 
broadly expanded and sometimes notched on edge. 
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In the sub-genus Hippochreues (fig. 99) the shell is generally 
smooth. The posterior prolongation of the mouth runs up 
to the apex of the spire, and the outer lip is not serrated, except 
by the occurrence of a small anterior notch. In the sub-genus 
lUmella the surface is striated. The posterior groove is shorter, 
and the outer lip is thickened and sometimes serrated. 

Gretcbceoua to Recent, Compare next two genera. 

AlaritL — General outline spindle-shaped ; spire fairly long. 
Mouth elongated, with well-marked anterior, but no posterior 
canal. Outer lip much expanded, and prolonged into finger- like 
canals. Surface often set with varices and knobs. 

This genus is variously limited by different authors, and some 
of its species are often carried over into Aporrhais. 

Jurassic to CvBtaceoua. 

Aporrhais (Ghenopus).— Distinguished from Alaria by the 
prolongation of the mouth posteriorly as a groove-like canal 






Pig. 99.—Bo8t€llaria (ITippochrenes) 
ampla (London Clay). 



Fig. 100.— Cen^/tiWir piiixUum {lG!t 
hand figure) and Cerithium 
e^[;ra9i^ (Hamstead Beds). Show- 
ing the short obliqne anterior 
canal. 



part way up the spire. The anterior canal is shorter than is 
common in Alaria, and there is a shallow fold in the outer lip 
near it From Eostellaria it is distinguished by the prominent 
finger-like processes of the outer lip. 
Lias to Recent, 
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Cerithinm (fig. 100). — A very typical tnrreted shell, the spire 
being elongated and conical, and the last whorl being in no way 
disproportionate in bulk. Mouth oval, obliquely sloped towards 
a well-marked and short anterior canal, which is somewhat bent 
aside and backwards. The mouth is often narrowed posteriorly 
so as to terminate in an acute angle. Sur&ce often set with knots. 
Trias to BecerU, Especially Cainozoic, 

Potamides. — Olose ally of Oerithium, with straighter canal, 
which is commonly not so well marked. Brackish and fresh- 
water. Difficult to mark off from Oerithium except iu its actual 
habitat. In life, Oerithium has no periostracum, while Potamides 
has a thick one. 
Eocene to Becent. 

Melania. — Much like Oerithium, but holostomatous. Form at 
times nearly OYoid. Apex sometimes worn away during life 
(decollated). Fresh-water. 
Wealden to RecevU, 

Melanopsie. — Ovoid rather than turreted, with short spire. 
Mouth with anterior notch or small canal, and a more or less 
marked groove-like posterior prolongation. Inner lip thickened. 
Apex sometimes decollated. Fresh-water. 
Cretaceous to Recent, 

Turritella (fig. 101). — Shell as typically turreted as Oerithium. 
Spire long, often only slightly indented at 
the suture; at other times with convex 
whorls. Holostomatous; mouth oval to 
round, but sometimes narrowed anteriorly. 
Outer lip thin. Surface marked with 
spiral ribs or striae, there being a striking 
absence of the knots and vertical ribs so 
common in Oerithium and Melania. 

JurcLSsic to Recent, but conspicuously 
Cainozoic 

Psendomelania (Ghemnitzia in part).-^ 
Turreted ; commonly large. Little in- 
dented at the suture, and hence fairly 
conical. Mouth oval, without canal ; 
wider in front and narrowed behind. Sur- 
face commonly marked by fine growth-lines. 
Trias to Miocene, 

Bourguetia.— Shell large, turreted, and 
elongated. Whorls distinctly convex; 
longitudinally striated; last whorl large. 
Mouth round in front and narrowed behind. 



Fig. 101. — Turritella 
incrasaata (Pliocene). 
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JuroMte. Perhaps CarfxmiferoiLB. 

Nerinea (fig. 102).— Ally of Cerithium. Turreted ; almost 
conical, commonly with a spiral band-like ridge above the suture. 
Mouth diamond-shaped to oval, with 
short oblique anterior canal. The outer 
and inner lip, as well as the columella, 
have commonly one or more ridge-like 
thickenings, which wind up inside the 
shell, so that sections parallel to the axis 
are very characteristic, the projection of 
these ridges into the cavity leaving only 
a remarkably constricted space for the 
animal In some species (grouped under 
sub-genera) an umbilicus occurs in place 
of the columella, and distinctions are 
made according to the number and dis- ^ifr 102.— iyrcrirwa Oood- 
tribution of the thickenings on the f^*iilS^™ with ' g^^ 
different internal surfaces of the shell. tTlsTow* reduction o^ 

Jurassic to Cretaceous. the internal cavity. 




Rissoa. — Always small, about 5 mm. long. Shell thick; rather 
broadly conical ; spire fairly long Mouth oval, rather narrowed 
posteriorly, with thickened outer lip. Surface often vertically 
ribbed. 

The animal lives mostly near shore. 

Jurassic to Recent. Especially Cainozaic. 

Hydrobia. — Small, and much like Rissoa; typically rather 
longer in the spire. Surface smooth. Mostly brackish or fresh- 
water. 

Jwrassic to Recent. Especially Gaifnozoic. 

Paludina (Vivipara).— Shell thin; turbinate; whorls strongly 
convex. Mouth oval to almoat ci\t;ular, slightly narrowed 
posteriorly. Sometimes an umbilicus is present. Surface smooth 
or with mere growth-lines. Fresh-water. 

Jurassic to Recent. 

Natica. — Shell thick; practically globular, the spire being veiy 
short, the last whorl very large and convex. Mouth semicircular 
(».«., straight-sided at the inner lip and curved along the outer) 
or approaching oval. Outer lip sharp; inner lip thickened. 
Umbilicus typically well marked, but in some species absent* 
Surface commonly smooth. Spiral operculum. 
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Trias to Eeeent. Some of the earlier forms described as Natica 
belong to Naticopsis. 

Idttorina (the Periwinkle). — Shell thick, almost ^lobular, with 
few whorls, the last being large. Mouth rounded, more acute 
posteriorly. Outer lip sharp at the edge ; inner lip flattened at 
the columella. Surface commonly marked wit^ growth-lines 
and spiral strisB. Outer layer composed of calcite (Sorby), The 
animal inhabits the shore, sometimes forming considerable shell- 
banks. 

Lias to Recent. 

Nerita. — Shell thick. Spire very small ; last whorl very large, 
and prolonged out rather more obliquely than in Natica, so that 
the total ^ect is not so globular. Mouth semicircular j outer 
lip commonly thickened and set with little ridges directed 
inwards; inner lip generally also ridged. Columella flattened. 
Surface smooth, or spirally ribbed. 

Lias to Recent, Mostly Gainazoie, The Mesozoic forms have 
the typical shape, but most of them have smooth lips, the outer 
lip being, moreover, sharp in many examples. 

Nerituia. — Olose ally of Nerita, the shape being similar. 
Outer lip sharp, not thickened; inner lip marked by ridges. 
Surface ornamented with coloured lines and spots, which are 
preserved even in many fossil specimens. Typically fresh-water ; 
sometimes brackish. 

The form of the shell and its mouth-characters will not serve 
to distinguish Neritina from some of the early Neritas, which 
are, however, undoubtedlv marine. 

Eocene to Recent. Perhaps Mesozoic. 

Naticopsis. — Form like Natica, but expanding very rapidly. 
No umbilicus. Mouth approaching oval Operculum convex 
outwardly, and not spiral. 

Devonian to Trias. 

Turbo. — Form typically turbinate, sometimes approaching 
Littorina. Mouth round, lips not meeting to form a continuous 
border, part of the mouth being bounded merely by the surface 
of the whorl. Sur£ftce of shell often spirally ribbed. Operculum 
thickened with calcareous deposit till it becomes outwardly 
almost hemispherical, the massive examples from large living 
species being sometimes used as ornaments. See Trochus. 

Ordovician to Recent. 

Trochus. — Allied to Turbo, but broadly conical, and somewhat 
flattened below. Mouth without continuous lips, but more 
angular than in Turbo. Operculum horny only. The genus 
has been much divided into sub-genera. Some fossil forms, tbQ 
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opercu]a being absent, may possibly be referred to Turbo ; but 
the difference of outer form is characteristic. 

The living species are mostly shallow-water forms. 

GoUandian to Recent 

Phasianella.— Ally of Trochus. Shell like a rather elongated 
Pal udina; often fairly large. Mouth oval ; outer lip thin. Sur- 
face smooth. 

Cretaceous to Recent, £arlier forms have now been referred to 
Bourguetia. 

Enomphalus. — Shell fairly large. Almost discoidal, the spire 
being very low. Mouth more or less polygonal, with a slight 
notch not far from the suture. Umbilicus extremely wide. 
The earlier part of the shell is sometimes seen in sections to be 
cut off by partitions. 

Gotlandian to Carboni/er<ms. 



Plenrotomaria. — Shell like Trochus, but sometimes with a low 
spira Mouth fairly round; outer lip with a deep slit in it, 
which runs back along the whorl. As growth proceeds, this 
slit is closed over, and leaves a band-like mark or a ridge 
running spirally round the shell about the middle of the whorL 
Umbilicus sometimes present. Surface of shell generally hand- 
somely ornamented with spiral ribs and knobs ; but no trace of 
these appears in casts, which are common in some formations and 
which are not identifiable with certainty. 

Cambricm to Recent. Abundant in earlier Mesozoic ; Yerj 
rare at present day. 

Murcmsonia.— shell turreted ; slit in outer lip, as in Plenro- 
tomaria, and similarly closed by a band as the shell grows. 
Surface smooth, or with longitudinal ridges. 

Cambrian to Trias ; especially Devonian and Carboniferous, 

Bellerophon. — Formerly often classed as a Heteropod. Shell 
shaped like a rather open Nautilus, the spired character typical 
of the gastropods being wanting. Mouth widely expanded and 
fairly circular, the shell coiling over inwards symmetrically in 
the centre of its inner lip. Outer lip deeply notched, a corre- 
sponding band running round the exterior of the shell. 

The shells are often distorted and compressed in the older 
formations, and the expanded character of the mouth becomes 
partly lost. Distinguish carefully from Cephalopods. 

Cambrian to Permian. 

Qalerns (Calyptrffia in part). — Shell rather like that of the 
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Limpet (Patella), being flatly conical ; but generally with a trace 
of spiral winding at the apex. Below, a spirally bent plate, 
which is free anteriorly and is attached along its posterior margin, 
crosses what would otherwise be a wide unbroken mouth. The 
under side of the apex is thus partly partitioned o& In Calyp- 
trsa proper this plate is represented by a spoon-shaped or bent 
process dependent from below the apex. 
Galerus is Upper Cretciceous to Recent, 



Patella. — The Limpet. Shell like a flattish cone; mouth oval ; 
apex of shell nearly central above it Surface usually radially 
ribbed. 

CreUiceoua to Recent, 

^o(«.— Shells allied to Patella occur in the oldest Cambrian strata ; In 
the absence of the animal, il is diffionlt to refer shells of this type to 
eusting genera. 

B. FULMONATA. 

The animal breathes by a lung-sac in place of branchiie. The 
group is almost entirely fresh-water or terrestrial. Delabeche 
(Oed. Observer y 2nd. ed., p. 122) gives the specific gravity of 
land-shells as 2*82 to 2*87. The material is thus probably 
aragonite. 

Helix (the common Snail ; fig. 103). — Shell variously shaped, 
but commonly rather fiatly conical; at times approaching dis- 





Pig. 103.— -fifelMB oecUua Pig. 104.— P/anor&ia ewmphalua 

(Oligocene). (Oligocene). 

ooidal. Mouth obliquely semicircular or oval ; outer lip some- 
times slightly expanded and thickened ; inner lip represented, 
as in Turbo, partly by the sur&.ce of the whorl. Sometimes, 
however, a calcareous thickening occurs in the position of the 
inner lip (fig. 103). Bather broad umbilicus. Surface commonly 
smooth, with mere growth-lines. TerrestriaL 



Digitized by VjOOQIC 



364 PTEBOPODA* 

Eocene to BecenL Species very numerous at the present 
time. The fact that the animal lived on land may account for 
its apparent absence in earlier periods, sub-aerial deposits being 
rarely preserved. 

Boiimas. — Elongated ovoid, or turreted, often of large size. 
Mouth oval, not oblique, and rather long from anterior to posterior 
end. Thickened and continuous lips, which are sometimes ex- 
panded. No umbib'cus. Surface commonly smooth, or only 
slightly ornamented. Terrestrial See note on Helix. 

Upper Gretaceoue to BecenL 



LiinnsBa. — Shell particularly thin and fragile. Elongated oval, 
with large final whorl. Mouth large, rounded anteriorly, elongated 
from front to back. Lips thin and sharp. Columella twisted 
obliquely. Surface smooth. Fresh-water. 

Purheck to BecenL Especially Cainozaic. 

Planorbis (fig. 104). — Shell delicate, as in Limneea; various in 
form, but typically discoidal, the spire being very short, and the 
coils almost in one plane, as in Euomphalus. Mouth semicircular 
to oval. Outer lip sharp ; inner lip represented by the surface 
of the whorl. Umbilicus very broad. Surfiswe commonly smooth, 
with mere growth-lines. Presh-water. 

Juraseic to Becent, Especially Cainozaic 



Z. Pteropoda. 

While the small and commonly conical calcareous shells of 
several of the Thecosomata, or shell-bearing Pteropods, are found 
in Cainozoic deposits, some large PalsBozoic genera occur, which 
difier widely from the modern type. Their reference to the 
Pteropods must still be considered provisional, since, in the face 
of suon strange forms as Oalceola among the Corals and the 
Hippuritidse among the Lamellibranchs, these conical and some- 
times opercnlate shells may belong to groups, the other members 
of which differ from them in external aspect. Mr. G. F. Matthew 
has, it may be noted, referred Hyolithes to the worms (Trans. 
B. Soc. Canada, vol. vii., 1901, sect. 4, p. 101). 

Hyolithes (Theca). — Shell small or large, even reaching 20 cm. 
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in length. Triangular in oross-secUon ; straight, tapering, form- 
ing a long steep pyramid. Aperture at the wider end of the 
shell, its border lying obliquely to the axis. An operculum 
has been observed fitting into it. Commonly marked with 
oblique stride. These shells are often crushed flat in early 
PalBBozoic shales, but the long pyramidal form remains recognisable. 

L. Cambrian to Permian. Almost all are early Palseozoia 

Gonnlaria.-— Shaped like a straight steep-sided pyramid, as in 
Theca, and similarly variable in size. Some species are slightly 
curved at the posterior end. Four-sided, giving square, or 
approximately square, cross - sections. Each side bears a 
shallow longitudinal furrow. Commonly marked with oblique 
striae. 

Septa have been observed, dividing off the lower part of the 
cavity. 

Cambrian to Lias, Almost all are early Palaeozoic. 

Tentacnlites. — Often described as the tube of an annelid. 
Rather small, steeply conical ; circular in cross-section. Surfisu^e 
marked with ring-like ridges, which lie in planes perpendicular 
to the axis of the shell. The forms with longitudinal striae have 
a small ellipsoidal expansion at the initial end {Novak). 

Ordovician to Devonian. 

XI. Cephalopoda. 

The shell-bearing forms of these highly developed mollusoa 
were in former ages &r more numerous than at the present day ; 
and the species are often sutHciently constant and widely spread 
to serve in marking special palaeontological zones. At the 
present time we have a prevalence of one great dibranchiate order 
(which includes the ordinary cuttle-fish, Argonauta, &a), while 
the tetrabranchiate type (Nautilus) is decadent. 

We must leave for zoologists tne many interesting questions 
that have been raised in the last few years, and content ourselves 
with placing the common fossil remains discussed under the 
broad headings Nautiloidea, Ammonoidea^ and Phragmophora, 
without question as to the dibranchiate or tetrabranchiate 
character of the animals that gave rise to them. 

The shells are sometimes straight, sometimes coiled over at 
one or both ends, sometimes closely and spirally coiled through- 
out ; but, with very few exceptions, the coiling, when it occurs, 
takes place in one plane, so that the distinction between these 
shells and the ordinary gastropod univalves is marked. The 
regular partitions (septa), by which the cephalopod shell is 
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divided internally, form another very distinctive character. The 
remains of cephalopods may occasionally be very bulky, and are 
certainly among the most familiar fossik. 

Terms used in describing the hard parts : — 

InvohUe ahdl, — The shell is coiled, but the later coils or whorls 
overlap and conceal the earlier, only the last, in many cases, 
being left externally visible (fig. 109). 

Umbilieated shelL — The later coils touch but do not conceal 
the earlier, a more or less wide depression, the umbUicuSy occur- 
ring thus on each side of the shell (fig. 108). 

Evolute shell, — ^The coils do not touch one another, an open 
spiral being produced (a.^., Crioceras). 

Outer side, — ^The convex side of the whorl in coiled forms, 
often called verUrc^y the latter being a term unsafe to use in the 
absence of evidence as to the animal itself 

Keel, — A rib sometimes found running along the outer side of 
the whorl. 

Inner side, — ^The concave side of the whorl in coiled forms, 
often called dorsaL 

Posterior end. — The initial end. 

Anterior end, — The end where the aperture occurs from which 
the animal protruded. 

Siphu/nde, — The siphonal tube, which contained the siphon of 
the animal, traversing and connecting the successive chambers of 
the shell. Its walls are often calcific, and it can be well seen in 
sections of the shell, or emerging on the sur&oe of one of the septa. 

Septa. — The partitions which are successively formed as the 
animal grows, cutting off the earlier part of the shelL They are 
typically concave towards the aperture of the shell, but are often 
greatly folded, particularly towards the edges (fig. 114). See 
Suture-line below. 

Septal Neck.— The cup-like or funnel-like fold of the septum 
where the siphuncle passes through it. Sometimes the apex of 
this fold is directed anteriorly, sometimes posteriorly. Shells in 
which it is anterior are Prosiphonate; those in which it is posterior 
are Retrosiplwnate. (See also Eastman, trans, of Zittel, 1900, 
p. 542.) 

Suture-line, — Hie line along which the septum meets the wall 
of the shell. This is sometimes very sinuous, and may be well 
seen on slightly worn specimens (fig. 108). 

Lobe, — A fold of the suture-line directed posteriorly (fig, 107). 

Saddle, — A fold of the suture-line directed anteriorly (fig. 107). 

Interseptal Chambers, — The interspaces between the septa. 

Body-^mher. — The final cavity which was occupied by the 
animal at the time of its disease. ^ , 
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Mouth. — The terminal aperture of the shell. This is sometimes 
constricted (fig. 106) sometimes fully open, sometimes surrounded 
or flanked hy remarkable expansions of the shell. The distance 
from the outer to the inner border of the 
mouth is termed its height, 

Aptychua, — A calcareous body like an 
operculum (fig. 105), formed of two plates, 
which resemble in outline the valves of 
a lamellibrauch. These plates are often 
found detached; but during the life of the 
cephalopod they were brought together 
along meir straight edges and occupied a 
position near the mouth of the shell, pro- Fig- 105.— Aptyohua of 
bably cloaiBg it a« an operculum. In rof^^n^" («^-; 
some cases the two plates are permanently Jurassic), Bavariik 
united (Synaptychua), It has been sug- 
gested that those forms in which an aptyclius is unknown may 
have possessed the structure in a horny condition. 

Anaptychtcs, — A body resembling the aptychus, but formed of 
one plate only ; found as thin dark lustrous impressions ; pro- 
bably a horny form of the operculum. 

The shell-substance in cephalopods is aragonite, according to 
both Fuchs and Sorby. Mr. 0. A. Schwarz {GeoL Mag., 1894, 
p. 457) shows that fragments of Nautilus have a specific gravity 
of 2*68, whence he infers that the material is calcite. But a 
considerable amount of organic matter is set free when such 
fragments are dissolved in acid, and is perhaps responsible for 
the low figures obtained on examining modern Nautili The 
Ammonites, in their present condition, consist of calcite, as also 
do their aptychi and the guards of Belemnites. The view that 
the original material of Ammonites was aragonite is supported 
by the fact that whole beds of aptychi are known from which 
the Ammonites have been dissolved away. An aptychus is 
sometimes found lying surrounded by a mere impression of the 
spiral shell. In any case, it is probable that some structural 
difi*erence accounts for this difierence in resisting power. 

The ready destruction of the shell causes casts of cephalopods 
to be very common. The body-chamber, and many or all of the 
interseptal chambers, may become infilled with crystalline calcite; 
the body-chamber is, however, often filled up with mud. When 
the shell decays, the casts thus formed of the successive chambers 
generally cohere, and the form of the shell is retained. But 
sometimes the sutures have become represented only by curving 
interspaces, and the cast is divided up by them into detachable 
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blocks. The extreme folding of the sutures in the Ammonites 
may cause these separate casts of the chambers to remain 
interlocked with one another and yet to possess a certain amount 
of freedom, so that they can be moved about on one another 
when taken in the fingers. 

Oephalopod shells are composed of two layers, the outer one 
more opaque, the inner lamellar, thicker, and nacreous. The 
septa appear to consist only of the nacreous layer. 

All the cephalopoda are Marine. 



A. Nautiloidea. 

By analogy with the living Pearly Nautilus, the animals of the 
genera here placed are believed to have been tetrabranchiate, 
f.e., to have possessed four branchis. The shell is not (as in 
some dibranchiates) included in the body of the animal. It is 
straight, curved, or coiled, with a mouth of various form. The 
septa are, in typical examples, very simply curved, concave 
towards the anterior side of the shell, and forming sutore-lines 
with, at most, very simple lobes. The shell, with the exception of 
the rare genera Bathmooeras and Nothoceras, is retrosiphonate ; 
and the siphuncle stands away from the bounding wall of the 
shell, piercing the septa sometimes in their centre. 

The sur&ce of the shell is only plainly ornamented, if at all. 

Nantilns. — Shell coiled in one plane, involute, but sometimes 
with a small umbilicus. Mouth not contracted, commonly 
rather high. Body-chamber large. Suture-lines forming a 
simple curve, or only slightly lobed. Siphuncle almost central. 
Surface smooth ; verv rarely with grooves or ridges. (Example : — 
Nautilus pompilius.) 

Trias to Recent, Nautilus is the only tetrabranchiate genus 
living at the present day. 

NoU,—T\iQ generic name *' Nautilas" is now restricted as above. The 
older forms are widely ambilicated, and have often a perforation at the 
centre. Barpandeoceras (Ordovidan and OoUandian) and TrocholiteS 
{Ordovidan) are especially interesting early representatives. 

DiBCites. — Shell laterally compressed, with broad shallow 
umbilicus, all the whorls being exposed. Small perforation at 
centre. Whorls four-sided in cross-section, sometimes with a 
groove on outer side. Suture-line forming a very simple curve. 
Surface with mere transverse growth-lines or delicate longitudinal 
ribs. (Example: — DiscUes mutabilis). 

Carboniferous. 
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Litaiies. — Ally of Nautilus, but commencing with a small 
umbilicated (or even evolute) coil, and then continuing as a 
straight form, often of considerable length. Mouth often con- 
stricted, with a deep notch on the outer side. Si ph uncle nearer 
inner side. 

Ordorneian and GoUandicbTL 

Orthoceras. — Shell straight like a long cone; commonly 
circular in cross-section. Mouth not contracted. Body-chamber 
long. Septa simply curved, concave forwards. Suture-lines 
unlobed, or at most with very feeble foldings. Biphunde central, 
or nearer to the margin ; simple in character, but sometimes ex- 
panded laterally in each chamber. Surface of shell smooth, or 
simply ribbed. 

Cambrian to Trias. Most abundant in Gotlandian, 

Actinoceras. — Shell at times very large ; often referred to 
Orthoceras. Like Orthoceras; but the siphuncle (endosiphon) 
is included in another much larger tube, which is expanded 
between the septa, forming a series of oblate spheroids, and at 
times as wide as half the shell. Delicate canals radiate from 
the siphuncle to the outer tube, and open into the interseptal 
chambers. The outer tube is frequently contracted internally 
by the development of obstructions of calcareous and organic 
material, deposited on its inner wall ; these eventually form an 
annular thickening, which greatly reduces the tube. These 
additions sometimes become dissolved 
away after the central tube has been ^:3f "^ 

infilled with mud ; hence the primary jf^im -^ 

wider hollow becomes restored, but ^' ' ' ^ - 

a solid rod-like cast runs down its 
centre. 

Cambrian to Carboni/erotca. 

Gomphoceras (fig. 106). — Pear- 
shaped, the shell having a straight or 
nearly straight axis ; it commences as 
a wide cone, and finally closes over 
towards the mouth. Mouth much con- 
stricted, forming merely a T-shaped 
slit, the upright line of which is re- 
garded as ventral, the cross-piece being 
dorsal. Septa and sutures simply con- 
cave. Siphuncle as in Orthoceras, 
varying in position in different forms. 
Suzface smooth, or only finely striated. 

Gotlandian, Perhaps Ordovician ; the fusiform later types are 




Pii 



[g. lOQ. ^Oomphoceras el- 
Tipticum (Silurian), show- 



ing the constriction 
the mouth. 



of 
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probably Poterioceras. (Foord, CcUalogue of Fossil Cephalopoda^ 
pt. i. p. 215.) 

Potexioceras. — Shell smooth, slightly curved, inflated in middle 
portion, and then again contracted. Mouth elliptical, not con- 
tracted. Siphuncle nearer to convex side, and inflated between 
the septa. Septa oblique to axis of shell. 

Ordovician to Carboni/eroiu, 

GyrtoceraB. — Shell like a curved and rather rapidly expanding 
Orthoceras. Oross-section generally ovaL Mouth unconstricted. 
Septa and suture-lines simply concave. Siphuncle as in Ortho- 
ceras, but almost always near the convex side. Surface smooth 
in ordinary species, or only lightly striated. 

Cambrian to Permian. Especially Ootlandian. 

Phragxnoceras. — Many of the species placed under this genus 
have been transferred to Gomphoceras, Poterioceras, &c. Phrag- 
moceras proper is distinguished from Qomphoceras by the curved 
shell, which at times even shows a trace of evolute coiling ; and 
from Oyrtoceras by the constricted and T-shaped mouth. 

Ordovician and Gotlandian, 



B. Ammonoidea. 

The members of this group have often been closely connected 
with the Nautiloidea under tilie title of Tetrabranchiata. How- 
ever, from the globular, and not conical, form of the initial 
chamber of the Ammonites (which resembles the first stage of the 
chambered body in Belemnites, Spirula, &o.) some zoologists 
place them as dibranchiates. The group attains its fullest 
development in the Mesozoic era, where it terminates. 

Exceptions to the typical mode of coiling of the shell are 
probably rarer among the Ammonoidea than among the Nauti- 
loidea. Straight or evolute turreted forms come in most 
numerously in the later Mesozoic deposits. The margin about 
the mouth differs from that of the Nautiloidea in very often 
beaiing a broad or spine-like prolongation on the convex side, 
and sometimes ear-like processes on its lateral margins. No 
such remarkable constriction of the mouth occurs, however, as 
in Gomphoceras and its allies, the expanded processes in the 
Ammonites pointing fairly forwards. The body-chamber is on 
the whole larger than in the Nautiloidea; but it must be borne 
in mind that this final portion and the mouth of the shell, being 
unsupported by septa, are comparatively rarely preserved. 

The suture-lines are typically more complex than in the 
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Kautiloidea, and th^ amount of folding increases from the first 
septum to the later ones. Considerable attention has been paid 
to the form of the suture-lines, and their common course is as 
follows (fig. 107):— A lobe, the External lobe (or "ventral lobe"), 
occurs on the convex side of the shelli and is sometimes divided 
into two by a small s&ddle (fig. 113V On either side of this lobe 
comes a saddle (the Hxterrud aaddley, then a lobe {tYnQ first lateral 
kibe)] then the first lateral sacUUe, the 
second lateral lobey the second lateral 
saddle, and perhaps still further lobes and 
saddles, which are styled atixUiary. On 
the concave side of the whorl, where the 
two halves of the suture-line again meet, 
there occurs an unpaired Interned lobe. 
The last auxiliary saddle, occurring just 
above this lobe, is sometimes called the 
Internal saddle. 

The siphuncle of the am monoids, with 
the exception of the one genus Clymenia, 
runs along the convex side of the shell. 
The group of the Ammonites is prosi- 
phonate.* 

The surface of the shell is often, and 
particularly in the later types, highly 
ornamented wi6h ribs and knots, which 
are independent of the suture-lines (figs. 
113 and 114), the latter being visible only 
upon worn specimens and casts. At 
times, as in Gault specimens from many 
localities, the inner and thicker nacreous 
layer is alone preserved, and the whole 
surface of the shell has a brilliant pearly 
iridescence. 

Finally, the bodies known as aptychi 
{Bg, 105) or anaptychi are found associated 
with so large a number of ammonoid genera that they form 
a further point of difierence between this group and the 
Nautiloidea. 

* Forms of Ammonite ooour in which the earlier whorls are retro - 
siphonate ; in one or two septa following on these the septal neok projects 
on both sides ; and finally the shell becomes purely prosiphonate. But the 
broad classification of the Ammonoidea by the direction of the septal neck 
in adult forms seems weU founded, since the older genera are so persistently 
retrosiphonate^ while those of Mesozoic times are prosiphonate. 



Fig. 107.— Suture-line of 
an Anmionit« {Hoirpo- 
cera^. The mouth lies 
to the right, ei, Exter- 
nal lobe, bisected by 
a median saddle on 
the keeL e.«, External 
saddle, i.^, IstUteral 
lobe. 1, ht Ist lateral 
saddle. g. U, 2nd 
lateral lobe. 2. Is, 2nd 
lateral saddle, a, a, 
Auxiliary lobes and 
saddles. t.2, unseen 
Internal lobe. 
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Stdhgroup 1 — Retbosiphonatb Shells with siphunolb oh 

THE concave side. 

Clymenia (fig. 108). — Shell spiral, broadly umbilicated ; cross- 
section of whorl oval, flatteneid laterally. Mouth notched on 
either side. Suture-lines usually with only one lateral lobe, 
which is simply curved or angular. Siphuncle in contact with 
the concave side of the whorl. Ketrosiphonate. Surface smooth ; 
rarely ribbed. 

Exclusively Devonian, 



Sub-grov/p 2 — Abtbosiphonate Shells with siphuncle on 
the convex SIDE. — This sub-group includes all the shells known 
as Goniatites. 

The shells are very variously coiled, being at times involute, 
at times widely umbilioated. Cross-section of whorl may be 
flattened laterally, or broad (fig. 109), or fairly oval. The whole 
shell is thus sometimes discoidal, or sometimes almost globular 





Fig. 108.— C7ym«ma undtdata Fip. \(i%,^Olyphiocera8 mutabile (Car- 
(Devonian). Showing sntnre- DoniferooB). Showing satnre-lines. 

lines where the shell has been 
worn away, with a single 
angular lobe. 

through the strong convexity and the involute arrangement of 
its whorls. The suture-lines are occasionally slightly folded, but 
are commonly zigzag or bent rather sharply, the lobes and 
saddles being sometimes numerous. The lobes and saddles are, 
however, not subdivided by notched or foliaceous boundaries, as 
occurs in the next sub-group (fig. 112). The siphuncle is in 
contact with the convex side of the whorl, and is best seen 
where it emerges through any septum which may be displayed 
terminally on the specimen. Ketrosiphonate. Aptychi have 
been recorded. 
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Glyphioceras (fig. 109). — Shell involute, generally globose. 
Suture-line with external lobe divided by a small median 
saddle j external saddle narrow ; lateral lobe pointed ; lateral 
saddle broad and rounded. Surface practically smooth. (Ex- 
amples : — Glyphioceras crenistriat GL sphoericum, GL trvaicatum,) 

Carboniferous and Pwmicm, 

GastriooeiUB. — Shell with wide umbilicus. Suture-line with 
broad and deep external lobe, with small median saddle ; first 
lateral lobe deep and angular; second lateral lobe small and 
angular. Surface with longitudinal strisB j often with transverse 
ribs in addition, which are nodose near inner ends. (Example : — 
GmWtoceraa Listeri.) 

Carboniferous and Fermicvn, 

Frolecanites. — Shell with wide umbilicus; whorls flattened 
laterally. Suture-line with several deep lobes and saddles, 
the lobes broadly pointed at the ends, the saddles rounded at 
the ends and narrowed near their bases. Surface smooth. 
(Example : — Frolecanites compresstis.) 

Devonian and Coflrboniferous. 

^ote.— Baetrites {Ordovidan to Carhoni/eroua) is the straight form of 
the Goniatites. PFOnorites {Pernio CarborUJeroiia), with its accessoiy 
serrations at the ends of the lobes, and Hodlieottia (also Pemw-Carbon- 
i/eroM), with its still more elaborate suture-lines, link the Gk)matite8 
completely to the sub-group of the Ammonites. 

Sub-Group 3 — Fbosiphonatb Shells with siphunclb on the 
CONVEX SIDE. — These are the successors of the Goniatites, and 
are distinguished, apart from the character of their septal necks, 
by a greater complexity in the suture-lines, the main lobes and 
saddles being variously subdivided and broken up (fig. 112). 
The mouth-border is produced, not notched, on the outer side. 
The surface of the shell is also more strongly ornamented than 
in the preceding sub-groups, and is, indeed, very rarely smooth. 

This sub-group covers the great series of shells which are 
commonly styled Ammonites, the earliest forms of which are 
now known from the Coal-Measures of Texas.* It has become 
necessary to subdivide the old genus of **cornua Ammonis,^ 
and to establish a large number of new ones, each example 
of which may be properly styled an "Ammonite." Fischer's 
restriction of '^ Ammonites " to the members of the newer genus 
Arietites seems liable to cause confusion, and would destroy 

*J. P. Smith on the ''Super-family" Arcestidce, in Monograph xlii. 
(1903), U.S. Oeol, Survey. 
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the utility of the word " Ammonite," which now, as formerly, 
covers a great series of shells allied to one another. 

New subdivisions are being, however, continually introduced, 
and for details larger and special works must be consulted. 

Geratites. — Shell umbilicated ; cross-section of whorl somewhat 
flattened laterally. Suture-lines sometimes with auxiliary lobes 
and saddles. The saddles are always rounded, the curve ap- 
proaching semicircular; but the lobes are subdivided, their 
posterior border being zigzag* (fig. 110). Surface marked with 





fig. UO.—Sutare-lineof 
CercUUen nodotus, ej, 
External lobe (which 
is broad when viewed 
from above), e.s. Ex- 
ternal saddle. J, U^ 
1st Uteral lobe. 



Pig. 111. — Natural oast of 
ArcesUs BceckM (Trias), 
showing traces of successive 
constrictions. Part of the 
shell remains on the left, 
and the suture line can be 
traced on the right-hand 
portion of the cast. (After 
Mojsisovics.) 



ribs, which do not pass on to the outer border, but which often 
bear knobs as they approach it. 

Exclusively Triasne. 

Trachyceras. — Shell with rather narrow umbilicus. Sutures 
like Geratites in the earliest species ; but in later forms both 
the saddles and the lobes are denticulated (t.^., bent into a 
zigzag form). Sur£eM;e ribbed transversely, the ribs set with 
knots ; a furrow runs along the convex margin. (Example : — 
TrachyceroB A<m,) 

Trias. 

Arcestes (fig. 111). — Shell involute, sometimes with small 

* A very similar ^ype of suture recurs among Cretaceous Ammonites 
referred to the family of the Amaltheidn. 
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umbilicus; whorls markedly oonvez. Mouth slightly reduced 
by the folding over of its outer and lateral borders. Body- 
chamber occupying more than a whole whorL Sutures with 
numerous aujuliary lobes and saddles, the line being complex 
and foliaceous, so that the markings look like the outlines of 
little branching trees. The axis of each lobe and saddle is, 
however, straight Sur&ce smooth, or with fine transverse 
striations. 

The mouth-border appears to have become thickened internally 
at various stages of growth, so that casts (fig. Ill) exhibit weU 
marked and rather wavy grooves running at wide intervals from 
the outer to the inner side of the whorL (Example : — Arcestes 
subumbilieatua. ) 

Trias, Also Fermo-Carboni/eraua of India, with another 
genus of Ammonite, Cydolobus. 

MonophyUite8.~Shell rather fiat and discoidal, with fairly 
wide umbilicus. The whorls enlarge rather rapidly, giving 
a high mouth. Suture-lines with numerous lobes and saddles, 
which are foliaceous ; but each saddle terminates anteriorly in a 




a 



Fig. 112.— a. First lateral saddle of MonavhyUiteM Simonyi. h, First 
lateral saddles of two adjacent septa of Fhyllocercu heUrophyllun^ 
showing the extremely foliaceons character of the suture-lines. 

single oval leaf-like form, although its sides are subdivided into 
leaflets (fig. 112, a). Surface smooth, or with fine slightly 
curving strisB. (Example : — ManophylliUa Simonyi,) 

Trias. 

Phylloceras. — Shell rather fiat ; involute, or with very small 
umbilicus. Mouth high. Numerous lobes and saddles, steadily 
increasing in size outwards, the saddles being broken up into 
leaf-like foldings with rounded terminations, the lobes into 
sharper notches (fig. 112, b). Surface smooth, or simply striated; 
no keel. Here and there external or internal thickenings of the 
mouth-border may be formed, producing in the former case ridges 
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on the surface, or in Hke latter case constrictions, evidence of 
which occurs on casts of the interior, as in Arcestes {^g. 111). 
(Example : — Fhylloceraa heterophyllum,) 
Lias to U. CreUtceotu, 



Amalthens. — Partly involute. Form rather discoidal, and 
sometimes flattish. Mouth high, its border being produced into 
a long process on the outer side. Body-chamber occupying only 
two-tiiirds of the last whorl. Suture-lines markedly folded ; 
several auxiliary lobes and saddles present. Surface smooth or 
variously ribbed ; a distinct median ridge or keel runs along the 
convex side, and is often knotty, or obliquely grooved, so as to 
resemble a piece of rope. (Example : — AmcUthetM mavrgaritatus,) 

Trias and Jwraadc, 

Ozynoticeras. — Form much like Amaltheus. Two or more 
auxiliary lobes are present on each side, but the lobes and 
saddles are broad, and the whole suture-line is less strongly 
foliaceous than in Amaltheus. Surface smooth, or marked with 
rather delicate curving ribs. (Example : — Oxt/noticeraa oxynotns.) 

Lieu to Lower Cretaceovs. 

SchloBnbachia. — Form like a thick Amaltheus, with a smooth 
keel. Suture-lines with only one auxiliary lobe, t.6., three lobes 
in all on each side ; lobes and saddles consequently broad. The 
lobes are fairly simple, and at times even approach the Ceratites 
type (fig. 110). Surfiace with strong curved ribs ; keel often 
prolonged into a horn. (Example : — Schlwnbachia inflatcu) 

Cretaceous* 



£gocera8 (fig. 113). — Shell with wide or narrow umbilicus; 
cross- section of whorl fairly circular. Body-chamber occupying 
rather less than one whorl. Suture-lines foliaceous, with few 
auxiliary lobes; lobes acd saddles rapidly diminishing in size. 
Internal lobe bifurcating at end. Surface with fairly straight 
simple ribs, which cross the outer side of the whorls, there 
being no keel. In some exceptional cases, these ribs bifurcate 
near the outer side of the whorl (compare Schlotheimia). ^go- 
ceras and its allies are thus among the most simply marked 
ammonites. An anaptychus occasionally occurs in this genu& 
(Example : — JSgocerae capricomue,) 

Lias, 

Schlotheimia. — Sometimes regarded as a sub-genns of its close 
ally, .^goceras. Like ^goceras, but surface with strong ribs, 
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which often bifurcate, and which are directed anteriorly when 
they reach the outer side of the whorl, so as to form on the 
convex border a series of V-shaped ridges. The ribs from 
opposite sides, however, die away just before they actually meet, 
so that the apex of the fold is wanting. (Example : — SMotheimia 
angulata,) 

Lower Liaa, 

Psiloceras. — Also closely allied to .^oceras, and sometimes 
included in that genus. Resembles JBgoceras, but surface some- 
times smooth, sometimes with simple ribs that do not traverse 




Fig. 113. — ^gocertu capricornuB (Middle Idas), with portions sliowinff 
suture-line enlarged, e./, External lobe, with small median saddle ana 
trace of siphuncle, viewed from above. e.«, External saddle. /./.«., Ist 
lateral saadle, which is distinctly smaller. 

the outer side of the whorl. A slight keel occasionally occurs. 
(Example : — Fsiloceraa planorbia.) 

RhoBtic and Lower Lias, 

Arietites. — Form much like .^goceras, but with no approach 
to an involute character. Suture-lines much folded, with only 
one auxiliary lobe. Surface with plain or (rarely) somewhat 
nodose ribs, which are sometimes bent sharply forward above. 
Plain median keel, on either side of which is a furrow. Fischer 
employs the name Ammonites, given by Lamarck, exclusively 
for this genus. (Example : — Arietites Bucklandi) 

Lotver Lias. 

Harpoceras. — Shell rather discoidal; umbilicus sometimes 
wide, sometimes narrow. Mouth-border furnished with a spinose 
prolongation of the keel, and with lateral ears. Body-chamber 
occupying about two-thirds of the last whorL Suture-lines with 
auxiliary lobes, but not particularly foliaceons {^g, 107). In- 
ternal lobe not bifurcating at the end (compare ^goceras). Sur- 
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face marked with striations or ribs, which at first curve forward 
on leaving the inner side of the whorl, and then backward, finally 
again bending forward at the outer side of the whorL The 
markings are thus sickle-shaped ; but this character is much 
more emphatic in some species than in others. A smooth keel 
is present, occasionally with a shallow furrow on each side. 

An aptychus formed of two plates has been found. (Example : 
— Harpocerca BerpenHnwrrL) 

Jurasticy commencing in Middle lAaa. 




This next and important series of forms, including the family 
of the StephanoceratidiB, is characterised by the absence of a 
keel. 

Stephanoceras (fig. 114). — Form thick, with feirly wide um- 
bilicus; cross-section of whorl broad and rounded, not high. 
Mouth eared in fairly young forms, and 
sometimes contracted by folding over of 
the lateral processes. Suture-lines with 
few lobes and saddles, but markedly 
foliaceous. Internal lobe not divided at 
its apex. Surface with fairly straight 
ribs, which bifurcate or split still further 
as they near the outer side of the whorl, 
over which they run continuously (fig. 
114). Nodose ornamentation occurs 
sometimes where the ribs divide. An 
aptychus of two plates is known. (Ex- 
ample : — Stephanoeeraa humphriesianum.) 
Jv/rassic. 

Holcostephanus. — Olose ally of Ste- 
phanoceras. Ribs united in groups on 
inner side of whorl, and running continu- 
ously over convex side. Mouth some- 
times constricted, as in Perisphinctes. 
(Example: — Holcoatephanus catierianus.) 
U, Jurcunc and Cretaceous, 
CoBloceras.— Widely umbilicated; cross- 
section of whorl typically narrower than 
in Stephanoceras. Mouth not eared. 
Internal lobe of suture-line divided into 
two at its apex. Surface marked as in 
Stephanoceras; but plain ribs are often 
intercalated between the others. Compare Perisphinctes. (Ex- 
ample : — Cceloceras commune,) 
Middle and Upper Lias, 



Fig. lli.^SUphanoceraa 
modidare ( U . Jurassic). 
Viewed from the front, 
showing the broad seo- 
tion of the whorl, the 
shell haying been bro- 
ken awa^ until a 
septum, with its folded 
surface, has become 
visible. The trace of 
the siphunole is seen 
externally ; and this 
example also illustrates 
the lack of connexion 
between the suture- 
lines and the surface- 
ornamentation. 
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Gosmoceras. — TJmbilicated ; cross -section rather oval, the 
mouth being typically higher than in Stephanoceras, and 
furnished with long lateral ears. Surface - markings as in 
Stephanoceras, but ribs rather more curved and nodose ; a row 
of spines or knobs is formed on each side of the outer median 
line of the whorl, the median area itself being smooth. (Ex- 
ample : — Gosmoceras Jason,) 

Middle Jurassic to Neocomian, 

Parkinsonia. — Form rather flat ; umbilicus wide. Mouth high 
rather than broad, with lateral ears. Surface with fairly 
straight ribs, which mostly bifurcate near the outer margin of 
the whorl, but which are broken by a median external furrow, 
(Example : — Parkinsonia Parkinsoni.) 

Middle Jiirassic, 

Perisphinctes. — Form like Parkinsonia. Mouth eared in 
young forms. Suture-lines with a deep foliaceous lobe following 
on the second lateral lobe, which is small. Surface-markings 
much like Parkinsonia, but ribs sometimes dividing into three 
or four branches, and no median furrow. The formation of a 
slightly constricted area behind the mouth-border at various 
periods of the animal's growth leaves here and there its traces 
upon the outer surface of the shell in the form of a smooth 
depressed ring running round the whorl. (Example : — Peri- 
sphinctes Tiziani,) 

Jurassic to Neocomian, 

Hoplites. — Form somewhat discoidal, with narrow umbilicus, 
and at times approaching involute. Mouth high. Suture-lines 
delicately notched, and with several auxiliary lobes. Surface- 
markings much like Stephanoceras, but the ribs are more wavy^ 
and nodose processes are 
common on them, near 
either the umbilicus or the 
margin. Moreover, there 
is in many species a well- 
marked median furrow 
down the outer side of the 
whorl. The lateral com- 
pression of the shell also 
distinguishes it from Ste- 
phanoceras, which is stout. 
{Ex&m'ple:— Hoplites lautus.) 

Tithonian and Cretaceous. 

Acanthoceras (fig. 115). — TJmbilicated; whorls strongly convex, 
cross-section broad and commonly well rounded. Suture-linea 

24 
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with broad and not markedly foliaceous lobes and saddles. 
Surface with straight ribs, not bifurcating, which sometimes 
cross the outer side of the whorl, but which sometimes are 
interrupted by a shallow furrow. These well marked ribs are 
generally set with numerous knobs. (Example : — AcarUhoceras 
rothomagenae.) 

Cretaceoits. Mostly Albian and Cenomanicm, 



Lytoceras. — ^Widely umbOicated; whorls distinctly convex. 
Suture-lines delicately foliaceous, the lobes and saddles divided 
into symmetrical halves by an anterior or posterior fold of the 
line respectively (compare fig. 116). Often no auxiliary lobes 
and saddles. Surface of shell simply marked with fine ribs, 
and almost smooth. Casts are sometimes ringed round with 
constrictions which indicate occasional thickenings of the mouth- 
border (see fig. 111). (Example : — Lytoceras jurenae.) 

Lias to Cretaceous, 




Finally there remains a number of Ammonoidea distinguished 
by abnormalities of form. In the 
classification generally adopted, the 
ffenera Hamites, Turrilites, and Bacu- 
Tites are placed near Lytoceras, on 
account of the symmetrical sub- 
division of some one or more of 
their lobes and saddles (fig. 116). 
Similarly, Orioceras, Ancyloceras, 
and Scaphites are allied to Acan- Fig. 116.— Portion of Bacu- 
thooeras. **^^* ^^^P^ (^- Cretace- 

Bacalites(fig. 116).-Shellstraight, L^li^tl^^^^^^^^^ 
narrowing to a point posteriorly, bilateral subdiriBion of the 
and laterally compressed. Aptychus lobes and saddles. The 
known. mouth lies towards the 

CretaceouB. "«^*' 

Hamites. — E volute. Shell straight for part of its length, b^t 
curved over in a hook-like manner at one or both ends, so as to 
bend back parallel to its former direction. Hamites is sometimes 
restricted to forms which have bent thus twice or three times 
during their growth, while those only once bent are styled 
Hamuuna. Surface of most species rather simply ribbed. 

Cretaceous. 
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Crioceras. — Form like an Ammonite, but evolute. Sur&ce 
variously marked ; but generally with strong simple ribs. See 
Ancyloceras. 
Jurasaie to L. Cr$tao8auM. 

Ancyloceras. — ^Form commencing like Crioceras; then becoming 
straight ; and finally curving back along its inner side like the 
terminal part of Hamites. Henoe Ancyloceras may be a late 
stage in the growth of Orioceras. 
Jv/rassic to Lower Oretaceoiis. 

Scapbites (fig. 117). — Form commencing as an involute shel] ; 

then running straight for a short distance; 

__,,ij^^ and finally curving back along its inner 

^MSW side. Oommonly much stouter and more 

^^SaIII^^^^ rotund than Ancyloceras. Aptychus or 

^C^MBWB^ synaptychus known. 

^k^IJ^^hKS upper Oretaceaus. 

^KJI^W jJ r Tuzrilites.— Form spiral, generally left- 

^^HHla^^ . handed {i.e,, opposite to the mode of 

Pig.. 117. - Scaphites ^f ^^« °^ ^^Pi^! gastropods). The 
cF^i8(Cenomaniaii). whorls are sometimes not in contact. 
Surface commonly marked with nodose 
ribs. The suture-lines of course readily distinguish this form 
from turreted gastropods; the cross-fracture of imperfect speci- 
mens has generally taken place along a septum, the chamcteristio 
am monoid folding of which can at once be seen. 
Creicteeotu. 



0. Phraohophoba. 

All are regarded as dibranchiate. 

Belemnites (fig. 118^. — The chambered shell in this genus is 
reduced to a conical Dody, the PhragmoeaiM (or Phrcigmacane), 
which is divided internally by simple concave septa. The 
interseptal chambers are connected by a siphuncle, which runs 
down one side of the phragmocone, this being consequently 
called the ventral aide. The phragmocone is closely fitted 
into a hollow, styled the Alveolus,* which occurs at the 
anterior end of a strong pencil -like calcareous body, the 
Guard or Roitrum, This solid guard forms the object so 
commonly found, and is thus popularly known as the ''be- 
lemnite.'' 

* The Phragmocone iteelf has also been styled the Alveolus, 
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The guard is of various proportions, sometimes delicately 
tapering, sometimes broad and stout, sometimes thickening 
anteriorly for a certain distance and then decreasing in 
diameter, to expand again as the alveolus is neared. In 
cross-section, as when broken, it shows a fibrous radial struc- 
ture, and the calcite of which it is 
formed is usually stained somewhat 
brown. The apex of the conical alveolus 
is directed slightly to the " ventral " side, 
and determines the point from which 
the calcite prisms radiate in the guard; 
hence the axis of the guard is eccentric, 
and the "dorsal" or "ventral" side ol 
imperfect specimens can be determined 
by noting which part of the circum- 
ference is respectively farthest from or 
nearest to the point from which the 
prisms radiate. 

The guard has typically a smooth sur- 
face, on which vascular impressions, like 
those of ramifying rootlets, can occasion- 
ally be seen. A furrow sometimes runs 
down the ventral side, or more rarely 
down the dorsal, often reaching to the 
point of the guard. At the point itself 
furrows sometimes arise, extending some 
distance up the sides; and a common 
feature is the presence of two long and 
almost parallel grooves running thus up the dorsal side. 

The alveolus is often empty; and sometimes the phrag- 
mocone is found without the guard. In fine and carefully 
cleaned specimens, not only can the phragmocone be seen 
in place, but traces of a broad expansion of its dorsal side 
extend considerably above and beyond it. This thin anterior 
expansion is the Pro-ostracum, and covers the ink-bag, the 
solidified contents of which, forming a black pear-shaped 
body, have also been found in sUu, Above this, again, im- 
pressions of the crown of arms about the head of the 
animal may be seen, the little hooked teeth with which 
they were set lying in rows along them. Hence the "be- 
lemnite " familiar to collectors formed only the posterior 
hard part of an animal allied to our modern unprotected 
cuttle-fish. 

RhcRtio to Albiaru 



Fig. 118.— Guard 
of BelemnUeSf 
cut open above 
to show remains 
of the phragmo- 
cone resting in 
the alveolus. 
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Belemnitella (fig. 119). — This form is practically only a sub- 
genus of Belemnites, characterised by a slit at the anterior end of 

the guard and parallel 
to its axis. This slit 
reaches in to the 
alveolus, and marks 
the ventral side. The 
phragmocone (of which 
several specimens, 
mostly preserved in 
silica, are known), has 
a low ridge running 
down the dorsal side, 
a corresponding shal- 
low groove occurring 
in the alveolus. The 
phragmocone, though 
rare, was described by 
Count Mlinster as 
early as 1830. The 
guard shows distinct 
vascular markings on 
its ventral surface. 
(Compare Actino- 
camax.) 

Upper Cretaceous, 
Actmocamaz(1823; 
»Attractilites, 1807). 
— No alveolus, or 



Fig. J20.— Guard of 
Actinocamaae plenua 
( Belemnitella plena), 
Cenomanian. 



Fig. 119.— Guard of 
Belemnitella mucro- 
naXa ( Seuonian ). 
Showing the slit and 
traces of vascular 
markings. 

only a shallow one, which is often four-sided rather than circular 
in cross-section (Actinocamcix qicadratui). The common charac- 
ter of these forms is the distinctly lamellar structure of the 
anterior end of the guard, so that it easily becomes broken 
away and injured. In apparently perfect specimens, however, 
as in Actinocamax plernts (fig. 120; often styled Belemnitella 
plena), the anterior end may be pyramidal, not hollowed out by 
an alveolus; in this case the phragmocone must have been 
surrounded by only a horny continuation of the guard. In the 
species quoted, a slight groove occurs at the apex, which may 
correspond to the slit in Belemnitella. 

Both in Belemnitella and Actinocamalx: the guard may be 
suddenly reduced in diameter near its point, thus terminating 
in a short spinose process, the "mucro." It has often been 
suggested that Actinocamax is only an imperfectly preserved 
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Belemnitella; but the uniform character of Bpecimens at certain 
horizons is evidence that the phragmocone was largely above, 
and not included in, the true calcareous guard.* 
Upper Cretaceous, 



Note, — Phraf(mophora with greatly elongated guards occur in the Upper 
TVtos. In BelemnoteuthlS of the Ox/ordian, on the other hand, the 
guard is a mere short sheath ahout the phragmocone. 

Belosepia of the Eocene has a short stout bent guard, exjMmded 
anteriorly, and protecting a curved phragmocone, a wide depression on 
the concave side of which does duty for a siphuncle. The pro-ostraoum 
is large. 

In Spirulirostra (Afiocene) the guard forms a stout short process 
below a curved phragmocone, which possesses a true siphuncle. In the 
modem Splrula the phragmocone alone remains, in the form of a delicate 
evolute spiral shell, with a siphuncle on the concave side. Tlus shell, 
though exposed by a cleft of the mantle, is truly internal. 

Sepia {EJocene to Becent) has the merest trace of a guard at the end of a 
phrafinuooone, the chambers of which are flattened, and which forms the 
well-Known *' cuttle-bone." It is important to note, however, that cepha- 
lopods with a mere thin homy pro-ostracum (the '*pen") over the ink-oag, 
and no trace of chambered shell or guard, occur as contemporaries of even 
the earlier belemnites. Thus GooteutMs of the British Lieu has been 
placed in the same group, the Chondrophora, as LoJ^igo, the Squid of the 
present day. 



* As to Belemnitella and Actinocamaz, see Dr. CI. Schliiter, " Cephalo- 
poden der oberen deutschen Kreide," PalcBorUographica^ vol zxiv. (I876-7)f 
p. 63, and plate lii. (17), &c. 
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CHAPTER XXVL 

fOBBIL OENBBIO TYPES. 

XII. Echinodermata. 

The Echinoderms present in their hard parts a great variety 
of forms, characterised, however, by the prevalence of peta- 
gonal symmetry. The fact that their shells or skeletons, exter- 
nal or internal, are built up of plates, causes their remains often 
to be found only in a fragmentary condition. The calcite of 
which these parts is composed assumes a completely crystalline 
structure : so that any part of the shell or skeleton cleaves across 
on fracture along the rhombohedral surfaces so familiar in 
Iceland-spar. The opaque white but gleaming cleavage-surfaces 
of echinodermal fragments may thus be picked out by the eye 
on rock-exposures from among the fractured remains of other 
organisms. The individual plates or block-like calcareous bodies 
of which the hard parts are composed are styled the Ossicles. 
All the Echinodermata are Marine. 

A. Cbinoidea. 

These are the typical *' sea-lilies " or " encrinites." The animal 
during the whole or earlier part of its existence is fixed to the 
sea-bottom, commonly by a flexible stalk or Stem, which bears 
root-like processes at its base. The principal terms used in 
describing the hard parts of Crinoids are as follows : — 

Ossicles or plates, — ^The individual calcareous bodies of which 
any of the hard structures are built up. 

Calyx, — ^The cup-like structure, sometimes closed over above, 
formed of calcareous plates, and enclosing the body of the 
animal Its under surface or hase^ which is attachea to the 
apex of the stem (or, as in Holopus, directly to the sea-floor), 
corresponds to the upper surface of most echinoderms ; its upper 
or oral surface bears the mouth and generally the anal aperture. 
The calyx and the arms are often spoken of together as the 
Crown, of the crinoid, and the calyx is sometimes freely termed 
the "head." 

The upper (ventral) covering, or tegmsn^ of the calyx may be 
membranous, with little plates developed in it, thus leaving a 
circular gap in fossil forms ; or it may form a dome-like structure 
of numerous plates in contact. There is no doubt that in some 
genera this dovM was represented by a flexible ^oemJ^dL sac. 



Digitized by VjOOQIC 



876 KOHIKODBBMATiu 

The Mouth lies centrally on or below the tegmen, and grooved 
lead to it from the bases of the arms. 

The Anus is typically excentric, and is interradial in position 
(see below) ; that is, it occurs between two of the arms. In some 
extinct genera, the dome bears one aperture, that of the anus, 
which then occurs almost centrally, and at times on the end of a 
tube or "proboscis." In these cases the mouth is concealed 
beneath the dome, and the brachial grooves run through the wall, 
and are prolonged as little canals towards the centre, where they 
reach the mouth. 

The plates composing the calyx are grouped in several series 
from the base upwards to the region of the mouth. The lowest 
plates, meeting in the centre of the base, are 2 to 5 in number 
(commonly 5), and are termed Baaals. They are often hidden in 
fossil specimens by adhesion to the upper stem-joints. 

Sometimes, however, the base is formed of two cycles of plates, 
an upper one, the true Basals, in this case sometimes styled 
Farahasals; &ud a lower cycle, alternating with the upper, and 
termed I^fraibasala (see fig. 122). 

Next above the basals or the parabasals, and in either case 
alternating with them when the base has petagonal symmetry, 
is the cycle of the Madialsy commonly 5 in number ; vertically 
above these the arms of the crinoid rise. On each plate of this 
primary radial series one or more similar plates may stand 
(fig. 121), so that each arm may be supported on a vertical row 
of several ossicles, which are commonly entitled first, second, 
third, &C., radials (see "Arms" below). In several important 
genera these radial series are in contact laterally ; but in other 
types there are plates or groups of plates inteix>alated between 
them, such plates being styled InUrradiaU. In relation to the 
calyx as a whole, however, the basals or the parabasals are 
also "interradial" in position; the infrabasals, when present, are 
"radial "(see fig. 122). 

Anal Interradial Group. — ^This group commonly contains more 
plates than the others, and, on its continuation over the oral 
surface of the calyx, bears the anus. Frequently, interradials 
are found in no other portion of the calyx. 

Arms. — The ossicles composing these are all styled Brachials. 
Dr. P. H. Carpenter * regards the members of the radial series 

* "Anatomical Nomenclature of Eohinoderms/' Ann. and Mag. qfNat. 
Eist., 6th ser., vol vi (1890), p. 16; F. A. Bather, "British FobsU 
CrinoidB,*'i6tcI., voL v., p. 313; and " Suggested Terms in Crinoid Mor- 

Shology," ibid., vol ix., p. 51. See also the terminology in Waohsmnth and 
pringer, "Revision of the PaUeocrinoidea," Proc. Acad. Nat. Sci. PhUa" 
dtlphia, 1879 (pub. 1880), p. 2i9. AUo Bather, Qtol. Mag., 1898, p. 31& 
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above the first radial as all belonging to the arms. The lower 
cycles of his brachials thus correspond to the old second and 
higher cycles of radials ; these Dr. Carpenter styles Costals (fig. 
121). Any interradials between these thus become styled 
Inierbrcichials. Above the costals the arm often bifurcates, 
further dichotomous division taking place in many genera. 
The free stems and branches of the arms are sometimes formed 
of one vertical row of ossicles (" uniserial ;" fig. 122), sometimes 
of two in contact, the ossicles alternating in the two rows 
("biserial;" fig. 121). 

On the inner sur&ce of the arms a groove leads down from 
their tips to the upper part of the calyx. 

Pinnvlea, — Small arm-like processes, also formed of calcareous 
ossicles, set in many genera on both' sides of the grooves that 
run down the arms. In living crinoids these bear the reproduc- 
tive elements. 

The Stem is composed of a row of ossicles, placed vertically on 
one another, their articulating surfaces being variously ribbed 
and grooved. A central canal runs down through them all. 

The Crinoidea form a considerable portion of some limestones, 
the scattered ossicles of their stems, with their circular cross- 
sections and often radial markings, having given rise to the 
name "entrochal marble." The abundance of stems at some 
horizons, apart from crowns, has often been remarked on, and it 
has been suggested that certain genera (as Actinocrinus) pos- 
sessed the power of casting o£f their stems at particular stages of 
their growth. On the other hand, it has been pointed out that 
calyxes, unless at once filled with mud on the death of the 
animal, run much greater risk of destruction than the more solid 
stems, the ossicles of the calyx being scattered too widely for 
easy recognition. 

While, on the whole, the more modern types of crinoids are 
marked out by the smallness of the calyx in proportion to the 
arms, by a general absence of interradials, and also of a pro- 
minent ventral sac or dome, yet the division of the group into 
**Neocrinoidea" and 'Talfieocrinoidea " can be no longer main- 
tained. At the present time the classifications of specialists in 
this refined branch of palasontology cannot be regarded as 
having reached even a resting stage ; consequently the genera 
here selected, while showing an interesting range of structure, 
are not placed under any system of subdivisions. 

Encriniis (fig. 121).— Calyx rather shallow; 5 small infra- 
basals and 5 large parabasals present, the former generally 
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hidden by traces of the stem ; 5 radial series composed of 

three cjoles, the ossicles of the two upper 

cycles being now regarded by most 

authors as belonging to the arms (first 

order of brachials, styled oostals). 

From these arise simply bifurcating arms, 

which have pinnales, and which are 

commonly formed of two rows of ossicles 

ian exceptional feature in a Neozoic 
brm). Upper surface of the calyx solidly 
roofed over. Stem long; its ossicles arc 
radially grooved on their articulating 
sur&ces. 
Trias. 

Pentacrinus. — Calyx very small in pro- 
portion to the arms ; 5 basals (sometimes 
5 infrabasals and 6 parabasals) ; 5 radials, 
above each of which lie 2 ossicles (radials 
or costals). The arms are formed of one Fi, 
row of ossicles, and bifurcate again and 
again, with long and abundant pinnules. 
Stem long, with numerous little jointed 
lateral processes; in cross-section it is 
sometimes rounded, but commonly appears 
like a five-rayed star, the indentations 
between the rays being deep or shallow. 
The articulating surfaces of the ossicles 
of the stem always bear a pattern of five 
oval markings, which radiate symmetri- 
cally from the central canal. These stem-ossicles form very 
familiar fossils. 

Trias to Recent, Common in the LUu. 

Apiocrinus. — Calyx narrowing slightly above; its plates, in- 
cluding th') interradials, are fitted into one another to form a solid 
wall. 5 basals, alternating with which are the 5 radials, each 
bearing two large costals (2nd and 3rd radials); the basab rest 
on a circular plate, perhaps formed by the union of five infra- 
basals. Below this plate the stem commences, at first equal in 
diameter to the calyx, then contracting, and then becoming very 
gradually wider towards its rooted base. Hence above the 
narrowest part of the stem rises an egg-shaped or pear-shaped 
body, the upper half of which is the true calyx^ the lower half 
being formed by the highest ossicles of the stem. Stem circular 
in crossHsection. The arms are formed of a single row of ossicleSi 



. 121.^ JSnerinus 
lUiiformiB (Muschel- 
kalk). The infrabasals 
and parabasals lie al- 
most norizontally, and 
are invisible. Above 
these are seen the 
radials, each support- 
ing two costals. The 
arms bifurcate, and 
ultimately become 
biseriaL 
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and bear pinnules. They bifurcate only once or twice. Yentral 
sac known. 

Lias to Lower Cretaceous, 

Actinocrinus. — Calyx, including its dome, rather ovoid ; 3 basals, 
5 radials, with 2 costals (2nd and 3rd radials) above each; inter- 
radials (interbrachials) present, with more numerous plates in 
the anal group. The upper surfJEu^e of the calyx is formed by a 
fairly high convex dome of plates, sometimes bearing near the 
apex an anal tube. Arms repeatedly divided ; composed of two 
rows of ossicles, and arising from five protuberances at the base 
of the dome, so as to appear to emerge about midway between 
the apex and base of the ovoid ''head." Stem round, the 
central canal appearing five-rayed in cross-section. 

OoUandian to Carhoniferoua ; especially the latter. 

Platycrinus. — Calyx formed of 3 basals, 5 fairly tall and vertical 
radials, 5 much smaller costals, and one interradial (or, rather, 
interbracbial) in each interspace between the arms ; there may 
be, however, 3 plates in the anal seiies. Calyx roofed over as in 
Actinocrinus, with or without anal tube. 
Arms repeatedly bifurcating, composed at 
first of one row of ossicles, and later of two. 
Stem-ossicles ofben elliptical in cross-section. 

Goilamdian to Carboniferous; especially 
the latter. 

Ichthyocrinus.— Calyx formed of 3 small 
infrabasals (sometimes not visible on ex- 
t rior), 5 small parabasals, and 5 radials. 
2 to 3 cycles of costals. Usually no inter- 
radials. Arms numerous, uniserial, and 
forming at their base a seemingly solid struc- 
ture with the calyx. No pinnules known. 

Ootlandian to Carboniferous, 

Cyathocrinus (fig. 122).— Calyx cup-like; 
5 infrabasals ; 5 large parabasals, forming 
part of the side- wall of the calyx ; 5 radials ; 
interradial plates occur only in the anal 
area. Upper surface with a greatly elongated and probably 
flexible dome. Arms long and repeatedly bifurcated, composed 
of one row of ossicles ; no pinnules. Stem round. 

Gotla/ndian to Permian ; especially the former. 

Heterocrinus. — Calyx small, somewhat cylindrical. 5 minute 
infrabasals, at times seemingly absent ; 5 parabasals ; 5 radials, 
with 2 costals above each. One or more of the radials is formed 
of two plates^ united by a horizontal suture. Interradials in the 




Fig. 122 — Gyatho* 
crinuB (€k>tlandian). 
Showing infrabasals, 
parabasals, and 
radials. Uniserial 
arms. 
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anal group, cuid prolonged apwaixls as a ridge. Ventral sac known. 
Arms long, uniserial, wiih strong pinnules. Stem pentagonal. 
Ordovician, 

B. Blastoidba. 

In these forms, entirely Palaeozoic and extinct^ the calyx 
frequently resembles a dosed flower-bud, having no free arms, 
an ovoid contour, and only a short stem. Running from the 
summit of the calyx down its sides are five elongated areas, 
the amhtdcbcral (or pseiuio-ainbtdacral) weaa^ which remind the 
observer of the weli-knowfi ambulacral areas on an echinoid. 
These are commonly seen as depressions, leaf like in shape, or at 
times straight-sided. Specimens have been found in which the 
areas still bear pinnules, thus resembling crinoid-arms turned 
back and down over the calyx. A row of pores occurs down 
each side of the ambulacral areas, these openings being in reality 
interspaces between little lateral plates. The pores communicate 
with delicate canals, a bundle of which, called a hydro-spire, 
runs up internally on either side of the median line of the area, 
and opens at the summit of the calyx. Here there are usually 
five openings (spiracles), each representing two series of canals 
firom adjacent ambulacral areas. The mduth is central, and the 
anus lies between the two posterior spiracles. An anal proboscis 
has been seen. The calyx is mainly composed of five plates 
(arising from a basal cycle), each of which is deeply notched 
above to receive the downward turned apex of an ambulacral 
area. These plates may therefore be regarded as radials, 

Pentremites. — Calyx bud-shaped, narrower above; radials 
large. Ambulacral areas rarely reaching to the base. Short 
round stem. 

OoUandian to Carbontferovs ; especially the latter. 

Granatocrinas. — Calyx resembling Pentremites ; but the am- 
bulacral areas extend down to the base, and the radials are 
small, the five upper plates (interradials) between them being 
large. 

Carboni/srotis, The common " PerUremiies" eUipticus thus 
becomes referred to Granatocrinus. 

C. Otstidba. 

In this group, the Oystideans^ there is a spherical or ovoid 
calyx, sometimes with pinnulated lateral ambulacral grooves 
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resembling tbe areas in the Blastoids. These grooves, however, 
are often very narrow and small ; they radiate from the mout?^ 
which is api<»l. Two to thirteen short simple arms are occa- 
sionally also present ; a short stem occurs in some genera. 

A lateral apertare, and sometimes even two, may be found 
on some part of the calyx. Each is covered by a pyramid, the 
ffolwdar pyramid, formed of little triangular plates. 

The plates of the calyx are numerous and irregularly arranged* 
Some or all bear, in typical examples, minute pores, which are 
grouped in pairs, the members of each pair being united by a 
canal In some genera these pores occur near the margins of the 
plates, and the pairs are made up of opposite pores on adjacent 
plates. Taking any one line of junction of two plates, the pores 
on each plate are then arranged along two sides of a triansle, 
tbe base of which is the line of junction ; hence they include a 
rhomboid area, half of which lies on each plate. Across these 
areas strise can be seen, which have caused authors to term them 
the peeUnated rhombs; these markings ar^ the traces of tbe 
canals by which the pores are connected. The pores are usually 
closed at their outer ends by a thin layer of the plate which 
bears them. The function of this system is unknown. 

A larger number of genera can be referred to the Cystideans 
than to the Blastoids ; but all these are also Palaeozoic. 

Eohinospluerites. — Calyx spherical, with only rudiments of 
ambulacral grooves round the mouth, which has a raised border. 
A small opening occurs near the mouth, and is sometimes 
coyered by a valvular pyramid. A third aperture, coyered by a 
pyramid, is also present at some little distance from the mouth. 
Fixed by the base only ; no stem. Bases of arms have been 
found attached to the rim around the mouth. 

Ail the plates form pectinated rhombs at their lines of junction. 

Ordovician. 

D. EOHIVOIDBA. 

This group includes the common '^ searurchins," the spheroidal 
shells or *< tests" of which are familiar objects, though ordinarily 
found denuded of their spines. They are neyer attached by a 
stem, and moye about freely by means of little tube-feet pro- 
truded through certain of the calcareous plates of the test. The 
relative positions of the anal and oral apertures, and the arrange- 
ment of the organs of locomotion, form important points in their 
classification. 
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TeBU — The Bhell, built up of calcite plates in contact with 
one another, by which the animal is surrounded. 

Oral aperture, — An opening in the base of the test, fiiirly 
circular, within which the true mouth occurred during life. 
This aperture is reduced in living animals by a membrane or 
series of little plates, in the centre of which the mouth itself 
opens. The beautiful masticatory structure known as the 
'' Lantern of Aristotle/' though it falls away into the hollow of 
the test after death, and is commonly lost piece-meal through the 
apertures, has been found on careful cleaning in many fossil 
genera. 

AwricuUB. — Calcareous arches or plates rising internally from 
the border of the oral aperture. They are five in number and 
symmetrically arranged, serving for the attachment of muscles 
which thrust forward tJie five-toothed 'Mantem." They may 
frequently be seen in fossils if the detrital matter that commonly 
fills the test is cleaned out from the mouth-aperture to a little 
depth. They together form the Perignathio girdle. 

Anal aperture. — ^This appears as a second fairly large and 
circular opening, often diametrically opposite to that of the 
mouth. In life it was also reduced by a membrane bearing 
accessory plates, in which the anus itself occurred. 

Apex of the test. — ^The highest point of the test when the flatter 
side, on which the mouth-aperture occurs, is placed below and 
horizontally. 

Ambulacral areas, — ^Five areas, each composed of two rows of 
plates perforated by pores, which radiate from the upper part of 
tlie test. When these extend over the sides, and down to the 
oral aperture, as simple bands, they are said to be perfect; when 
the plates bearing distinct and regularly grouped pores terminate 
on the sides of the test, their representatives lower down having 
only indistinct or no perforations, the ambulacral area is 
described as imperfect. The pores are grouped in pairs towards 
the outer margin of the area, each plate thus bearing two pores. 
In many forms, through the intercalation of new plates above at 
the apex, the lateral ones become disarranged and finally united, 
so that compound plates arise bearing several pairs of pores. In 
petaloid areas the lines formed by the pores on the suiHOace of the 
test converge and completely enclose the efficient ambulacral 
area, which thus becomes like an elongated simple leaf. In 
other oases the imperfect area is " open " below, the lines of pores 
not converging, but simply dying out. It may be remembered 
that each pair of pores represents one of the little "tube-feet" 
9f the living animal, 
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Interambulacral areas, — Between the ambulacra! series of 
plates lie five interambulacral series, each also typically composed 
of two rows of plates, which are larger and consequently less 
numerous than the ambulacral plates against which they abut on 
either side. Only in the early types of echinoids has the test 
more or less than 20 rows of plates, and in almost all these 
cases it is the interambulacral series that varies. 

Apical Biac. — ^A series of plates at the apex of the test, and 
surrounding the anal aperture when this is apical Each ambu- 
lacral area terminates here in a plate which bears a minute 
. perforation, once connected with a sense-organ. Between these 
five octUctr plates are five genital plates, larger and generally 
with a larger aperture. One of these genital plates is perforated, 
however, over all its surface, in addition to the principal aper- 
ture, and forms the madreporic plate or tubercle^ which admits 
water into the stone-canal of the animaL 

The genital plates are thus interambulacral, and the madre- 
poric plate lies just to the riffht of the anterior ambulacral area. 
Thus, even in forms where the mouth is central and the anus is 
not posterior, but apical, the madreporic plate will serve to 
indicate the anterior portion of the test. 

In the sub-group of the " Irregulares," the posterior genital 
plate is often absent. 

Accessory plates may occur in the apical disc when the anus 
is not included in it; and sometimes the ''disc'* ceases to be 
disc-like, the three anterior ambulacral areas (or trivvwm) meeting 
in advance of the two posterior (or himunC)^ the connexion being 
maintained by a group of smaller plates (fig. 123). 

The plates of the test may be ornamented with ttibercles, large 
or minute. The principal ones, which may be handsomely 
developed, as in Oidaris, bear the spines, and have sometimes in 
their apex a circular pit, which does not perforate the test, but 
which causes them to be termed " perforate " or "imperforate." 
The beak-like appendages called " pedicellarise " are in living 
forms found attached to the smaller granulations. 

The Spines may be small and easily broken up, but in some 
genera are massive and even longer than the diameter of the 
test. Their rhombohedral calcite cleavage makes them difficult 
to extract entire. They are commonly found detached from the 
tubercles, on which they are jointed and held by ligaments 
during life. A common mode of ornamentation of the spines 
consists of granulated or serrated little ridges running longi- 
tudinally down them. 

Jliastly, to form any conception of the true character? of the 
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echinoid test^ study must be made of recent examples, when it 
will be seen how the great mass of spines conceals the features 
(ambulacral grooves, tubercles, &c.) by which the palaeontologist 
is accustomed to define his genera. A practical illustrative 
specimen may be prepared by selecting a modem Spatangus and 
rubbing off the spines lightly with the finger from one half of 
the test, leaving the other covered. Two of the petaloid ambu- 
lacral areas and half of the anterior one will thus be exposed, 
and will serve to explain the appearances seen in fossil examples.* 

Sub-group 1 — Rbgularbs. — In these echinoids the five ambu- 
lacral and the five interambulacral areas are each composed of 
two rows of plates, making twenty rows in all. The ambulacra 
are perfect, and therefore never petaloid. The oral aperture is 
in the centre of the base, aud the anal aperture is at the apex, 
and is thus included in the apical disc. 

Echinas. — Test hemispherical and thin- walled. Tubercles 
similar on both kinds of areas, and all fairly small and simple. 
Ambulacral plates formed by the union of three primary plates, 
and hence each bearing three pairs of pores, which are grouped 
across the plate, not vertically under one another. Hence three 
bands, each formed of a series of pairs of pores, run up each 
margin of the ambulacral areas (p. 382). Spines smidl and 
simple in form. 

CretaceoiLS to EecerU. 

Cyphosoma. — ^Test circular in horizontal section; flattened 
above and below. Tubercles with radial notches on the base, 
but without apical pit ("imperforate"); the principal and large 
ones form two rows on each of the ten areas of the test. From 
this cause, and in width, the two kinds of area much resemble 
one another. Ambulacral plates compound; but the pairs of 
pores form a single band, except near the apex and the mouth. 
Apical disc generally lost^ the upper aperture being consequently 
large, and the test, as found fossil, almost annular (compare 
Oidaris). Spines long. 

Jurassic to Eocene, But almost entirely Upper Cretaceous, 

Acrosalenla — Test small; form depressed spheroidal Inter- 
ambulacra rather larger than the ambulacra^ both kinds of areas 
bearing two rows of " perforated " tubercles with radially notched 
bases. Pairs of pores forming only one row on each ambulacral 
margin. The interambulacrid tubercles are the larger. A dis- 
tinguishing point is the intercalation of several firm plates in 

* For an important revision of the Echinoidea, see P. M. Duncan, /oum. 
lAnn, Soc,f Zoology, vol. xxiii. (1890). p. 1. 
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the central area of the apical disc, whereby the anal aperture 
becomes thrust to the posterior side. Border of mouth-apertnre 
notched. Spines rather thin. 
Lias to Lctver Cretaceoits. 

Cidarls. ^Test fairly large: form flattened spheroidal, not 

perceptibly conical towards the apex. Ambulacra! areas very 
narrow, forming wavy curving bands, with only a single row of 
pairs of pores on each margin. Commonly two small tubercles 
on each ambulacral plate. Interambulacra wide, with boldly 
developed tubercles, which are commonly " perforated,** and are 
sometimes notched at the base. Apical disc commonly lost, a 
large aperture, like that of the mouth, being left (compare 
Oyphosoma). Spines thick, massive, of very various form, long 
or short, species of Cidaris having been named from these 
peculiarities. 

Permian to Reeerd, diminishing throughout the Cainozoio 
systems. 

StUhOroup 2 — iRREOULABEa — In this sub-group the radial 
symmetry Uiat prevails, except in minute details of the apical 
disc, throughout the sub-group of the Regulares, gives place to a 
distinctly bilateral symmetry, the plane of symmetry passing 
through the oral and anal apertures, the anterior ambulacral 
area and the apex. The anus is not included in the apical disc, 
and occurs sometimes even on the basal surface. The apical disc 
shows irregularities, the posterior genital plate being often absent. 
The oral aperture itself may be exoentric. There are, as in the 
Regulares, only 20 rows of plates in all; but the pore-bearing 
parts of the ambulacral series frequently form petaloid areas. 

Echinoconus (Gaterites). — Conical ; flat at base, which has an 
outline approaching pentagonal. Oral aperture in centre of 
base, without masticatory apparatus ; anal aperture also on the 
base, but dose to the posterior margin. Tubercles '^ perforate," 
minute, and numerous over all the test. Ambulacral areas 
perfect, narrow, the pairs of pores forming single marginal rows 
except on the base, where they become crowded so as to form 
three rows on each side. The posterior genital plate is im- 
perforate. Spines small, rarely seen. 

Cretaoeous. 

Discoide&L — Hemispherical, sometimes flattish; base flat. 
Apertures as in Galerites. Tubercles <' perforate," smalL Am- 
bulacra perfect, narrow, with only one row of pairs of pores on 
each margin. Posterior genital plate imperforate in most species. 
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The essential character is the occurrence of ten low ridges radi- 
ating on the interior of the base from the oral aperture to the 
lateral walls of the test, and leaving corresponding grooves on 
casts. 

Cretaceous. 

Fygaster. — Depressed hemispheroidal, with flat base, which is 
roundly pentagonal in outline. Oral aperture central ; anal 
aperture large and on upper surface, behind the apex, being 
narrower at its anterior and broader at its posterior end. 
Tubercles small, *' perforate." Ambulacral areas much as in 
Discoidea. Posterior genital plate absent. 

Jurassic to Cretaceous ; also one Recent species. 

Scntella. — This is an example of the extremely discoidal and 
flattened echinoids prevalent in some Cainozoic deposits. Base 
flat; upper surface only slightly convex; internal space much 
reduced. Posterior margin straight, or with a central notch. 
As the test grows, an indentation on its edge may increase in 
importance, until at last the test re-unites on either side of it, 
leaving it as a perforation. This remarkable feature is paralleled 
by Pygope among the brachiopods. Mouth central ; anus small, 
and on the posterior margin. Tubercles minute. Ambulacra 
petaloid. Possterior genital plate absent. 

Oligocene and Miocene, 

The next &if. genera, like Galerites, were unprovided with a 
masticatory apparatus. 

Echinobrissus. — Form approaching hemispherical, but rather 
depressed ; base slightly concave, with an almost straight bor- 
der between the two posteribr ambulacra. Tubercles smalL 
Oral aperture slightly in advance of the centre; anal on the 
upper surface, just behind the apex, and lying in a groove that 
widens posteriorly. Ambulacra imperfect, with nearly parallel 
sides, open below ; outer pore of each pair elongated and slit-like. 
The posterior genital plate is imperforate. 

Jtirassic to Eecent ; characteristically Middle Mesozoic. 

GlypeuB. — Close ally of Echinobrissus. Test large, flattened. 
Tubercles small. Apertures as in Echinobrissus; but anal 
groove sometimes wanting. Ambulacral areas rather broad, im- 
perfect, open below, but contracting near the base. Outer pore 
of each pair long and slit-like. Apex slightly posterior; pos- 
terior genital plate imperforate ; maareporic plate central in the 
apical disc, while the posterior ocular plates are extended so av 
to reach the anal are». 

Jurassic. 
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Fiff. 123. — GoUi/rites 
oicordaia (Oorallme 
Oolite). Showing 
the separation m 
the ambulacra at 
the apex. 



Collyrites (fig. 123).— Test oyoid, with rather flattened base. 
Tubercles minute. Oral aperture rather 
in front of the centre; anal aperture on 
posterior lateral surfaice. The striking 
character lies in the extension of the apical 
disc and its accessory plates, so as to form 
an elongated band running along the line 
of symmetry; hence the three anterior 
ambulacra (styled the ^'trivium") become 
divided from the other two (the " oivium"), 
which enclose on the posterior surface an 
area around the anus. Ambulacra narrow 
and perfect 

Juranic and Lower Cretaceous. 
Echinocorys (Ananchytes). — ^Test convex 
above, with rather vertical sides ; oval in 
horizontal section; base flat. Tubercles 
minute. Oral aperture near the anterior 
margin; anal aperture near the posterior margin, and also within 
the base. Ambulacral areas fairly wide; perfect. Posterior 
genital plate absent. 
Upper CretacAOua. 

Holaster. — Form heart-shaped, i.«., oval when viewed from 
above, with a broad notch anteriorly and a sharper posterior 
termination. Upper surface convex ; base flat. Tubercles small. 
Oral aperture near anterior margin ; anal aperture on the pos- 
terior lateral surface. Ambulacra perfect (compare Micraster, 
which has a similar form); the anterior ambulacral area lies 
in a well-mar2:ed groove, which continues round to the mouth- 
aperture. Posterior genital plate absent. 
Cretduseous, 

Micraster.-^Form much like Holaster; typically heart-shaped; 
sometimes more acute, sometimes slightly truncated, at the pos- 
terior end. Tubercles small. Apertures as in Holaster; the 
test projects forward from behind the mouth-aperture so as to 
form a short covering below it. Pore-bearing areas set in 
grooves, the paired ones petaloid ; the three anterior areas are 
longer than the posterior. An anterior groove, in which the 
unpaired ambulacrum lies, runs from apex to mouth as in 
Holaster. Posterior genital plate absent. 
Upper Cretaceous to Miocene. 

Note. — SpatangUS, a Cainotoie and common living form, resembles 
Mioraater, but has larger mterambnlacral tubercles on the upper surface, 
while the anterior unpaired ambulacrum is only feebly represented in its 
groove. 
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Sub-graup 3 — Paljbkohinoidba. — The remains of early 
echinoids are rare, and the various genera hare been collected 
by Zittel into this division, to which he opposes the '' Enechi- 
noidea," sub-divided into Regulares and Irregulares. Some 
PalsBechinoids seem to have bad tests with plates that moved 
slightly on one another, so that the whole could be deformed by 
pressure without fracture, as is the case in the exceptional living 
euechinoids, Asthenosoma and Phormosoma. Moreover, their 
most striking characteristic is a deviation from the normal 
number of twenty rows of plates. 

Thus Palsechinus (Gotlandian to Uarhaniferous) is a spherical 
form with five normal and perfect ambulacral areas; but the 
. interambulacrals are wide, and each is formed of five to nine 
rows of plates. 

Arch890Cidaris, again, of the Cafi>07iiferau8 and Permian^ has 
fair-sized tubercles on the interambulacra, and wavy narrow 
ambulacra, suggesting those of Cidaris ; but there are from four 
to eight rows of plates in each interambulacral area. 

Melonites, also Carboniferous, has several supernumerary rows 
of plates in both the ambulacral and the interambulacral areas. 

Bothriocidaris (Ordovician and OoUandian) has normal ambu- 
lacral areas, but only one row in each interambulacral area. 

£. ASTBBOIDBA. 

The members of this group are of less assistance to the geo- 
logist than is the great group of the Echinoids, owing to the ease 
with which their hard parts become separated and dispersed 
Passing over the allied Ophiuroidea, in which the long arms 
contain no prolongations of the viscera, we may note that the 
arms of the Asteroidea^ or true Star-fishes, contain numerous 
skeletal ossicles, which give them at times considerable solidity. 
There are thus the little ambiUaoral ossicUa, which, by meeting in 
pairs so as to form a ridge, cover the ambiUacral vessel that runs 
down the under side of each arm. Beneath this ridge, and thus 
in the groove formed by it, the tube-feet of the star-fish lie 
during Ufe. At the lateral margins of each arm are often two 
rows of marginal ossicles, one above and one below, each pair in 
contact. These ossicles are typically convex outwardly, often 
ornamented with granules or spines, and flat-sided where they 
abut against their neighbours, whether of the same or the adjoin- 
ing row. At the base of the ambulacral ossicles a row of adamr 
btUaoral ossicles always occurs. Accessory plates may be formed 
on the back of the arms, or between the marginals and the 
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adambulacrals. The marginal ossicles are not unfrequently 
found in fossil deposits. 

Palsaster. — Form like the common Star-fish (Asterias or 
Asteracanthion), with deep ambulacral grooves. The ambulacral 
ossicles, unlike any modern form, are alternate, not opposite, on 
the two sides of the groove. Marginal and dorsal ossicles present. 

Camhricm to Carboniferous, 

Frotaster of the Ootlandian and Carboniferotbs is an Ophiuroid. 

Astropecten. — Form like the common Star-fish, but i^dth 
strongly developed marginal ossicles. 

Idas to BecerU, 

Goniaster. — In this type the form closely approximates to a 
pentagonal disc, through the extreme shortness of the arms ; the 
notch between one arm and the next is represented merely by a 
shallow concavity, along which marginal ossicles form a firm 
border. Between these ossicles and the small ambulacral areas, 
with their adambulacral and ambulacral ossicles, are abundant 
accessory plates, thus covering five intervening triangular areas. 
The dorsal surface is also covered with accessory plates. This 
genus is consequently represented by fairly coherent specimens. 

JurasHo to Recent. Fairly common in the Cretaceoiu, 



XIII. Annelida. 

The division of the Annelida is largely represented by the 
borings of marine genera in sands, which have become converted 
into cylindrical casts by the deposition of material during 
subsequent rising of the tide. Sometimes the infilling, as in the 
very early examples in the quartzites above the Torridon Sand- 
stone, is conspicuous by consisting of a sand either more or less 
ferruginous than that into which the animal bored. If this 
infilling becomes consolidated more firmly than its surroundings, 
the cross-sections of the casts may stand out on weathered 
surfaces of the rock as little circular discs.* 

The specimens of such borings irom Sutherland and Boss-shire, 
as above described, and from the quartzite of the Wrekin ridge, 
may claim to be among the very oldest fossil remains. 

The tube-building worms naturally leave abundant traces. 

* For figares and descriptions of such objects see Sir J. W. Dawwn, 
Quc^rt, Jowm. Oeol. Soc., 1890, p. 595. 
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Thus Serpola has a calcareous tube, often irregularly corrugated 
on the surface, and very variously curved ; the tube commonly 
appears as if creeping forward in the fashion of a moving worm. 
It is usually fixed to other bodies, being thus often seen, for 
example, on the tests of Chalk echinoids. Common from the 
Jurassic to the present day. 

Ditmpa forms an unattached simply curved tube, open at both 
ends, which closely resembles the scaphopod Dentalium. From 
this it may sometimes be distinguished by irregularity of curva- 
ture, and by being ornamented only on the side that was 
uppermost during iSe {Zittd), 

Cretaceous to Recent. 



CHAPTER XXV^II. 

VOSBIL GENERIC TTPE& 

XIV. Arthropoda. 

From a stratigraphical point of view, the Arthropoda become less 
important in Cainozoic deposits than they are in the Paleeozoic, 
and hence the earlier types of Crustacea or " Arachno-Crustacea,*' 
which are often grouped together in the heterogeneous division 
of the Entomostraca, must claim our chief attention. Their 
common character is a variable number of body-segments 
(Somites)^ coupled with a simple type of organisation. 

A. Ostraooda. 

These little crustaceans have never more than 7 pairs of limbs, 
and are enclosed in a bivalve SJtell, which corresponds to the 
shield formed by the union of the segments of the head and 
thorax in the Malacostraca. This shell is kept closed by a 
muscle. Its surface is smooth or variously marked, often with 
hemispherical knobs, and its small oval form is characteristic. 
The valves of ostracods are seldom liable to be confused with 
those of young lamellibranchiata (see fig. 124). The shell is 
chitinous or calcareous. 
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Hinge^order. — ^The line of Junction of the two yalves along 
which thej remain united. Little teeth Bometimes occur upon 
the hinge (fig. 124, o). 

V&ntrcU border. — ^The lower border, towards which the limbs 
of the ostracod are directed during life. 

Ey^apot — A fisdrly hemispherical tubercle occurring in some 
genera on the anterior part of the valve, and indicating the 
position of an eje. 

The Ostracods are mostly Marine; fresh or brackish water 
forms will be specially indicated.* 

Gypris (fig. 124, a). — Shell small, partly horny, and thin. Left 
valve the larger. Oval, or rather beannshaped ; ventral border 

commonly somewhat concave. No 




^ 



Kg. 124. — a, Cyj)r%$ ptirbeeken- 
818 (Lower Purbeck Beds). 
The left valve is towards the 
observer. &, Cypridea mmc- 
tata, var: gibbosa (Middle 
Purbeck). Left valve. c, 
Cy there retirugcUay var: rugu- 
lata (Lower Parbeck). In- 
terior of left valve, showing 
an anterior socket for the 
tooth of the right valve; then 
a tooth, followed by a bar- 
like ridge, which terminates 
in a posterior socket for the 
posterior tooth of the right 
valve. (The three figures 
after Prof. Rupert Jones. ) 



Fig. 126.— 5cy- Pig. \^—Leperd%t%a 
riehia (Ordo- inflata (Carbonifer* 

vioian). ous). Natural size 

shown in centre. 

teeth. Surface generally smooth, 
and pierced with minute holes. 
Fresh-water. 

Purbeck to Recent, 

Gypridea (fig. 124, 6). — Like 
Oypris, but shell bearing a little 
beak-like process, with a notch 
behind it, at the anterior end of 
the ventral border. These are the 
common " Oyprids " of the Weald. 
Fresh-water. 

Purbeck to WecUden. 

Cypridina. — Shell small, thin, 
homy or calcareous. Oval, with a 



prolongation near the middle of the 
anterior border, beneath which a notch occurs. 

* For interesting descriptions and figures of Purbeck and Wealden forms 
see T. Rupert Jones, Quart, Joum, Oeol, 8oc, 1885, p. 311. 
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C(urh(yn^er(mB to Recent. Common in Carhoniferoue, 

Cythere (fig. 124, c). — Shell thick, oval, or somewhat rect- 
angular ; often very highly ornamented with knots or spines. 
Right valve with a tooth at each end of the hinge-line, and a 
pit and horizontal groove between them; left valve with terminal 
pita, a ridge, and an anterior tooth. 

Oodandian to Recent. 

Prunitia. — Shell small, thick, elongated oval; but hinge-border 
straight. Not always equivalve. A furrow runs on the surface 
from the hinge-border vertically towards the ventral border, 
sometimes reaching as far as the centre of the valve. 

Cambrian to Carboniferous, Especially Ordovidan and Got- 
landian. 

Beyrichia (fig. 125). — Shell thick, surface distinctly convex; 
straight hinge. Somewhat truncated anterior and posterior 
borders, and convex ventral border. Surface divided by stroDg 
fairly vertical furrows into markedly convex lobes, which com- 
monly unite below; the marginal area is smoother. 

Cambrian to Carboniferoits, Especially Ordovician and Got- 
landian, 

Leperditia (fig. 126). — Shell large (attaining 2 cm. in length), 
thick, rather bean-shaped; straight hinge-border, and convex 
ventral border. Anterior border shorter than posterior. Eight 
valve larger than, and lapping somewhat over, the left. A small 
eye-spot occurs near the hinge-border. 

Cambrian to Cfvrboniferous. Especially Ordovidan and Got- 
landian. 



B. Phtllopoda. 

The animal is more distinctly segmented than in the Ostracoda, 
and the thoracic limbs, often numerous, are flattened and leaf- 
like, each dividing into two flaps at the end. Many genera have 
a covering that recalls the ostracod shell. Compare also the 
Phyllocarida. 

Estheria. — Shell bivalve, thin, sometimes partly calcified, but 
commonly horny, with a polished appearance. A small rounded 
umbo occurs near the anterior margin; hinge-line toothless and 
straight. Ventral border convex. Surface in most species 
concentrically ribbed ; sometimes smooth. 

Prof. T. Rupert Jones* remarks that, while Estherise have 

* Fo89U E^heria, Palsont. Society, 1862, pp. 12 and 13. 
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often been mistaken for small forms of Avicula and Posidonom ja^ 
their horny appearance will distinguish them from the former, 
while there ie also an absence of any bending out of the con- 
centric markings towards an ear, such as Avicula possesses. 
The valres, moreover, are rarely so quadrate in form as those 
of Posidonomya. 

Fresh and Brackish water; but early forms are found associated 
with Marine fossils, perhaps owing to floods, perhaps through 
difference of habit. 

Devonian to Recent, Fairly common in the Triae, 

C. Trilobita. 

Owing to the absolute extinction of the whole order, the rela- 
tions of the Trilobites to the well-defined Crustacea and to the 
Arachnids have remained somewhat obscare. Thanks to the 
work of Messrs. E. Billings,* 0. D. Walcott,t and J. Mickle- 
borough,! the appendages of the genera Asaphus, Oalymene, 
Cheirurus, and Acidaspis, are now fairly known; while Mr. 
Beecher has examined them in Trinucleus and, with signal suc- 
cess, in Triarthrus.§ Dr. Oehlert has recently summarised the 
results of these researches {BvM, Soc. geol. de France^ 3 me s^r., t. 
xxiv., p. 97); and it has been pointed out that LinnsBus observed 
antennae in a specimen of Parabolina as far back as 1759 (see 
Oecl. Mag,, 1896, p. 142). The verification of these in Triarthrus 
has led to the retention of the trilobites among the Crustacea; 
and Mr. H. M. Bernard sees in Apus their nearest living repre- 
sentative. Some valuable considerations on the segmentation 
and limbs of trilobites are given by O. Jaekel {Zeitecfvr, deutsch, 
geol. Gesell, Bd. liii., 1901, p. 133). 

The hard covering of the trilobites, which is all that ordinarily 
remains to us can li^ clearly divided into three parts, the nomen- 
clature of which has depended upon the classificatory position 
taken up by successive palsBontologists. The supporters of the 
arachnid view employ '' cephalo- thorax," "abdomen," and "post- 
abdomen" or "pygidium"; the rival school uses "head," "thorax," 
and "pygidium." To avoid confusion, and to carry forward the 
same nomenclature when writing of the Merostomata, we pro- 
pose to speak of the "head-shield," "body," and "pygidium." 
This is practically the plan adopted by Mr. H. M. Bernard. 

Head-shield (flg. 127). — This portion is approximately semi- 
circular, and is not broken up in the adult into transverse 

• Quart. Joum. Oeol. Soc., vol. xxvi. (1870), p. 479. 
fBuUeUn Mtueum Comp. Zoology , Cambridge, U.S.A., 1881. 
t Reprinted in Qtd^gical Magazine, 1884, pp. 80 and 162. 
I Am. JaunL ScL, 1895 and 1896, and 4th ler., vol ziii (1902). 
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segments. It bas curved amterioT (or /rarUal) and lateral borders, 
forming an outwardly convex margin ; while it has an almost 

straight posterior or oc- 
cipital border, where it 
joins the first body-seg- 
ment. An occipikU/urrow 
often occurs in the head- 
shield parallel to and near 
this border. The shield 
is folded over below its 
front margin, so as to 
extend a little way back 
towards the mouth. 

In young forms, the 
original segments compos- 
ing the head-shield have 
been traced. O. Jaekel 
regards these as always 
eight, including the hypo- 
stome as the first. 

Glabella, — The convex 
elevated portion of the 
head-shield reaching from 
the centre of the occipital 
border nearly to the an- 
teriorborder. Theglabella 
varies in form, and some- 
times bears lateral fur- 
rows, which run approxi- 
mately at right angles to 
its sides; they thus divide 
its edges into lobes, and 
probably represent traces 
of original segmentation. 
Facial StUures. — ^Fine lines of junction between the two parts 
into which the area on either side of the glabella can be divided. 
Each of the two facial sutures arises at some posterior point of the 
border of the head-shield, runs forward between the glabella and 
the eye, and either terminates by cutting across the anterior 
border (fig. 128), or by meeting its fellow-suture in front of the 
glabella (fig. 132). Occasionally in the former case an additional 
suture, the marginal suture, runs from one facial suture to the 
other along the anterior part of the head-shield, as in Calymene, 
ParadoxideSy and Ilkdnus. 




Fig. 



127.— Trilobite {Dalmania eaudata ; 
Wenlock Beds). iT, Head-shield; 7", 
Body-aeements ; P, Pygidiam. e, 
Eye. Jx,c, Fixed cheek, fr.c. Free 
cheek, fs, Facial suture (starting in 
this example from the lateral margin 
and finally passing round in front of 
the glabella), g, Glabella (bearing 
lateral furrows), pi. Pleura. 
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Fiaised Cheeks. — ^The areas on each aide of the glabeUa between 
it and the facial suture. 

Free Cheeks. — The portions of the head-shield between the 
facial sutures and the outer margin. These two parts may 
become detached after the death of the animal, and are often 
seen to have shifted away slightly from the fixed cheek& 

Eyes, — These are sometimes absent (fig. 130), sometimes 
represented only by papillie ; but they are commonly present as 
two somewhat crescentic elevations, occasionally supported on a 
stalk, and are covered with numerous facets, each of which was a 
lens (figs. 127 and 135). As above hinted, they occur on the free 
cheeks, close against the facial suture, where it approaches the 
side of the glabella. 

ffypostome. — ^The anterior portion of the head-shield is bent 
over, and may form a broad crescentic plate-like surface on the 
under side, between the anterior end of the animal and the 
position occupied by its mouth. A small plate, of various form, 
ofben occurs before the mouth, with its anterior border in contact 
with the edge of the folded-over head-shield, and its other borders 
free. This is the Hypostome (fig. 133^ representing the labrum 
that overlaps the front of the mouth in higher Crustacea. Two 
sense-organs (? eyes) occur on it in some genera. 

Body. — The portion between the head-shield and the pygidium. 
It consists of a very variable number of segments, which were 
movable on one another, so that in some genera the animal 
could coil itself up after the manner of a wood-louse. Two 
longitudinal furrows or depressions run down the body, one 
starting on each side of the glabella, and corresponding, in fact, 
to the depressions which divide the glabella from the cheeks. 
Each body-segment is thus marked out into a central convex 
part, the cmnulus, and a flatter and commonly broader portion 
un each side. The latter areas form the pleura;* they are 
generally marked with a groove, or a ridge, from the annul us 
outwards, and often terminate in spines (fig. 128). The convex 
ridge formed by the series of annuli, running from the glabella 
over the body, and commonly on to the pygidium itself, is termed 
the rachis. 

Pygidium. — The shield covering the posterior part of the 
trilobite. Its outline often repeats that of the head-shield (figs. 
129 and 133), and it consists of permanently united segments. 
Sometimes the traces of the original segmentation are perfectly 
clear (fig. 134), and the rachis generally persists on it for some 
distance. 

* Pleura and pUwra have alike been used ; their respective singiilars are 
pUunm and pleura^ both of which are good Greek forms. 
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Appendages, — Of the five pairs of head-appendages known, the 
first is a pair of imtenncBf their hases inserted on the edge of the 
hypostome. These are long in Triarthrus, and consist of one 
ray. The bases of the remaining four pairs were probably used 
in mastication. Each body-segment bore a pair of appendages, 
and the pygidium had also a number of pairs corresponding to 
its original segmentation. All these limbs were fixed to the 
inside edges of the rachis. They were simple biramous types ; 
and the pygidial pairs, and possibly those on the body, served 
for respiration as well as for swimming. There is a gradual 
change in type, from the anterior body-appendages, which 
resemble those on the head-shield, to the posterior ones, which 
resemble those on the pygidium. 

Lastly, we should note that the more resisting character of the 
head-shield and the pygidium often allows of their being found 
isolated in rocks, when the body-segments have become parted 
asunder and lost It has been suggested that the ^Hrilobite," 
as found, may often be a mere " skin " cast off by the animal 
during life. 

The Trilobites were all Marine. 



Paradoxides. — Form elongated; sometimes large (70 cm. or 
so in length), tapering fairly uniformly from the front to the 
pygidium. Head-shield semicircular, with a long curving spine 
running backwards from each of its posterior angles. GlabeUa 
rather flat^ rounded and broad in front, narrowing posteriorly, 
with lateral furrows. Facial sutures running from posterior 
to anterior border, without bending in any great degree 
towards the glabella. A marginal suture is present. Body 
with numerous (16 to 20) segments, and with well-marked 
'trilobed character. Pleura furrowed and prolonged as spines. 
Pygidium very small, the rachis being continued on to it for 
a short distance; a long spine often runs out posteriorly on 
each side. 

Exclusively Cambrian* Typically Middle Cambrian, 

Olenelius. — Kesembles Paradoxides, with narrower glabella; 
facial sutures obscure or absent. Third body-segment often 
larger than the others. Pygidium at times styliform. 13 to 26 
body-segments. 

Lower Cambrian.* 

* See " The Story of Olenellxu," Natural Science, vol. L, p. 340. Hohnia 
and MesonaeU are sabgenera. 
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Pig. 128.— Oteniia 
micrwua (Lin- 
gula Flags). 



OlenuB (fig. 128).— Form broader and more oval than in 
Paradoxides. Head-ahield broad and semicircular, with a spine 
running back from each posterior angle. Gla- 
bella rather conical, narrowing anteriorly, and 
with lateral furrows. A little ridge runs out 
from it to each eye, at right angles to the axis. 
Facial suture running from posterior to anterior 
border^ sometimes closely approaching glabella. 
Body with 12 to 15 segments, which have 
short sharp backward terminations. Pleura 
broad. Pygidium small, broad, with rachis 
well marked on it for some distanca 

Exclusively Cambrian. Typically Upper 
Cambrian, 

Conocoryphe (Gonocephalns). — Form much like Olenus. Head- 
shield semicircular, without posterior spine& Glabella conical, 
furrowed; somewhat truncated at its narrower (anterior) end, 
and divided by deep depressions frt)m the cheeks. Eyes rather 
near the anterior end of the glabella, and facial sutures running 
from the posterior margin, near the angles of the shield, inwards 
almost to the glabella, and then out, widely diverging, across the 
anterior border. Body with fourteen or fifteen segments; rachis 
well marked ; pleura furrowed, and rounded at the ends. Pygidium 
small, with distinct rachis, and with traces of segmentation. 

L, Cambrian to Orchvicicm, 

Angelina. — Proportions much as in Olenus, and head-shield 
with posterior spines. Glabella narrowed anteriorly, but smooth 
and rounded. Body with fourteen or fifteen segments ; pleura 
furrowed. 

Cambrian, 

Agnostas (fig. 129). — Form small, elliptical, the head-shield 



Fig. l2d.—AgnoHu» 
(Cambrian). 



Fig. 130,— Trinucleus coneen- 
tricus (Bala Bedi). In 
varioas stages of growth. 




Fig. m,-^ffarpe$ 
Flanagani (Bala 
Beds). 



and pygidium being almost similar; both are rounded at the 
outer end, with convex or straifihtish sides. Glabella distinct. 
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No eyes or facial sutures. Body with only two segments. 
Pygidium with fairly marked rachis, which terminates broadly ; 
a little process often runs out posteriorly from each lateral 
border of the pygidium ; but it is otherwise difficult to distin- 
guish detached pygidia from head-shields. 

Cambrian, 

Trinuclens (fig. 130). —Head-shield large and predominant, 
projecting laterally beyond the body \ semicircular in front, and 
often with long spines from the posterior angles. Glabella and 
cheeks smooth, and forming three strongly convex elevations, 
which leave a broad fiat semicircular border beyond them. This 
border is pierced with minute holes. No eyes or facial sutures. 
Body with six segments; rachis rather narrow and distinct, con- 
tinued on to the small pygidium ; pleura furrowed. The body 
and pygidium are together smaller in area than the head-shield. 

Ordovician, 

Harpes (fig. 131). — This remarkable form bears some re- 
semblance to Trinucleus, having a similar broad perforated 
border to the head-shield, prolonged backwards in this case 
almost as far as the pygidium. Eyes present^ but no (or very 
indistinct) facial structures. A little ridge sometimes runs from 
the glabella to each eye, as in Olenus. Numerous body segments 
(about twenty-five). Pygidium very small. The flat border of 
the head-shield is sometimes found detached and isolated. 

Ordomcian to Devonian. 



Galymene. — Form oval, rather broad. Often ornamented 
with little tubercles. Head-shield broad, rounded anteriorly; 
posterior angles generally without spines. Glabella convex, 
with three strong pairs of furrows, the most posterior pair in 
some species bifurcating at the end. Facial sutures running 
from the posterior angles obliquely inwards to the eves, and then 
across the anterior border, where they are connected by a 
marginal suture. Body with thirteen segmei ts ; rachis well 
marked. Pygidium rounded and scarcely distinct from the body, 
the rachis reaching to the end, and traces of segments being 
clearly marked. 

This genus is one of those most frequently found in a rolled 
up condition, as in the specimens from the Wenlock Beds at 
Dudley. The hindmost of the pairs of limbs on the head-shield 
is larger and broader than the others, suggesting its differentia- 
tion into a special pair of paddles. 

Ordovician and OoUandian. 
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HomalonotuB (fig. 132). — Form fairly long; sometimeB orna- 
mented with spines. Head-shield rather broad, either rounded 
or pointed anteriorly ; no pos- 
terior spines. Glabella com- 
monly only feebly marked off 
from the cheeks, and unfurrowed. 
Facial sutures much as in Caly- 
mene, but commonly meeting 
without intersecting the anterior 
border. Body with thirteen 



/^ 





Fig. lZ2,—ffomalonotus (Qotlandian). Fig. 133.— ^Mp^1MPo10Mtt(Ordo- 
Showing faoial suture oontinuoua vioian). With hypostome. 
in front of the glabella. 

segments ; rachis not sharply marked off. Pygidium with rachis 
and traces of segments ; pointed posteriorly, sometimes ending 
in a short spine. 

Ordovician to Devonian, 



Ogygia. — Form often large, roundly oval, and rather flat Head- 
shield semicircular, sometimes with posterior spines. Glabella 
rather straight at sides, widening in front, with four pairs of 
furrows. Hypostome not notched on its posterior border. Facial 
sutures running from the posterior border, near the angles, 
obliquely to the large crescentic eyes; thence they sometimes 
cross the anterior border, but generally unite in front of the 
glabella. Body with 8 segments; rachis well marked; pleura 
broad, furrowed, not spinose at the ends. Pygidium about the 
bame size as the head-shield, and nearly semicircular, slightly 
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elongated; its rachis is distinct^ with numerons segmental 
markings on it and on the lateral areas. 

Ordovician. 

Asaphas (fi^. 133). — A close ally of Ogygia^ and often larga 
Like Ogygia, but rather more convex; 8 ^dy-segments. The 
traces of segmentation on the pygidium are coiiQned to its rachis 
or altogether absent. The headnshield may be sharply pointed 
in front, or semicircular; glabella commonly not furrowed. 
Hypostome with a deep notch on posterior border. The glabella 
on the head-shield and the rachis on the pygidium may appear 
merely as broadly convex folds. 

OrdovicicM. 

UlffinUB. — Ally of Asaphus, but commonly more strongly 
convex, and more broadly elliptical in outlina Glabella only 
feebly indicated, CKternally without furrows. Facial sutures 
connected by a marginal suture; 8 to 10 body-segments (typically 
the latter) ; pleura smooth. Pygidium with slight trace, if any, 
of rachis, and with no external signs of segmentation. 

Ordovician and OoUcmdian, 



PhacopB (fig. 134). — Form elongated, oval, or elliptical. Head- 
shield almost semicircular, without posterior spines. Glabella 





Fig. 134. ~ PAacojM {Chawioj^) 
conophtkaimw (Bala Beds). In 
the sab-ffenus Chasmops the an- 
terior lobes of the glabella are Fig. 135. — BronteuB flabelli/er 
exceptionally expanded. (Devonian). 

much widened anteriorly, distinct ; only feebly furrowed, except 
in the posterior part. Facial sutures arising on the latei^ 
margins, almost opposite the eyes, and uniting in front of the 
glabella. Body with 1 1 segments. Pygidium semicircular, with 
marked rachis and signs of segmentation. See Dalmania. 
Ghtlandian to Devonia/n, 
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Dalmania {^g, 127). — Like Fhacops, of which it is often re- 
garded as a mere sub-genus ; but the glabella is distinctly fur- 
rowed, and not so markedly widened anteriorly. Long posterior 
spines to the head-shield; the pygidium also commonly terminates 
in a spine. 

Orxlovician ajod Oi>Uandian. 



Brontens (fig. 135). — Form broadly ovaL Head^ield semi- 
circular; free cheeks often detached; glabella much widened 
anteriorly, and sometimes ftirrowed. Ten body-segments; pleura 
with longitudinal ridges. Pygidium large, rounoed posteriorly, 
with very short rachis, from which somewhat broad furrows 
radiate to the margin. 

Ordovician to Devonian, 



The last famOy, the Proetidse, contains the latest surviving 
trilobites. 

Froetns. — Form small; oval or elliptical. Head-shield semi- 
circular, with a distinct thickened marginal rim ; posterior spines 
sometimes occur. Glabella convex, somewhat narrowed in front; 
unfurrowed. Facial sutures running rather straightly from the 
posterior to the anterior border. Eight to ten body-segments ; 
rachis distinct, pleura furrowed. Pygidium with a semicircular 
border like that of the head-shield, the whole form being thus 
simple and elliptical. 

Ordovician to Carhonifero%i», Typically Lower Fakeozoto. 

Phillipsia. — Close ally of Proetus; but the glabella bears three 
pairs of furrows, and is bounded by nearly parallel sides. Nine 
body-segments. The smooth elliptical outline of Proetus is 
maintained in Phillipsia. 

OotUmdian to Permian; typically Carboniferoue. 

Griffithides. — Like Phillipsia, of which it may be regarded as a 
mere sub-genus ; but glabella distinctly widened in front, with 
one pair of furrows only, these being posterior. 

Carboni/erofie. 

D. Mbrostomata. 

This group of arthropods, represented at present by the King- 
Orab (Limulus), attains importance on account of the great size 
of many of its forms. Aglaspis of the American Cambrian is 
regarded as an early limi^oid, and Neolimulus and Hemiaspis 

26 
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are allies from the British Gotlandian. The Enrypterida range 
from the Cambrian to the Carboniferous. 

Here, again, the nomenclature of the parts of the animals 
depends upon the classification adopted. The arachnid yiew gives 
us " cephalo-thorax," "abdomen," and "post-abdomen"; the 
crustacean view, "head-shield," "thorax," and "abdomen." We 
propose to adopt "head-shield," "body," and "posterior region," 
in order to avoid debatable ground, and to compare the Merosto- 
mata fairly vdth the Tribbites. 

(i) XiPHOSURA. 

Belinums is an early ally of Limulus, with hemispherical head- 
shield, 5 unfused body-segments, and 3 fused posterior segments, 
this region terminating in a long spine. Having a glabella, 
rachis, and furrowed pleura, it has a 
decidedly trilobitic character. 

Devonian (U. Old Red Sandstone) and 
Coal-Measurea. 

Prestwichia (fig. 136) is like Belinurus, 
but its body-segments are fused, as well 
as those of the posterior region. 
U. Devonian to Permian, 
Prolimulns, resembling a larval Limu- 
lus, occurs in the Permian of Bohemia. 
Limulus itself, with its fused body- 
Fiff ' 136. segments, and no other representative of 

Presttoi^hia rottmdata *^® posterior region than a spine, occurs 
(Carboniferous). as early as the Trias, The larva of 

Limulus, with its separate head-shield, 
marked with a glabella, and its segmented body, presents a 
striking resemblance to Prestwichia, and is to the geologist one 
of the most interesting of living creatures. 

(ii) EURYPTBRIDA. 

The Eurypterida include animals some four or even six feet 
long, the appendages attached to the head-shield being highly 
developed and of very various form. The body has six unfused 
segments, with branchiiB, which are connected with plate-like 
appendages, occurring on their under sides; there are seven pos- 
terior segments, ako movable, the last consisting of a teUan, as 
in the fSeimiliar Crayfish. The whole surface preserves only 
traces of a trilobed character, and is more or less folded over 
in the body and posterior regions. The whole form is long. 
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but somewhat pear-shaped. For a general review, see Laurie, 
Trans. B, Soc. Edinburgh, vol. xxxviL (1893), p. 509. 

Enrypterns has a somewhat semicircular head, rather straight 
at the sides, with a large pair of eyes set well within the mar- 
gin ; *^ ocelli '' or eye-spots occur in addition in the centre of the 
shield. The work of Dr. Fr. Schmidt* has revealed an additional 
small pair of appendages, not reaching to the margin of the 
head-shield, and in advance of those previously known. This 
first pair is now known to be provided with prehensile claws 
(chelflB), and behind it come four larger pairs of simple limbs. 
The sixth and last pair consists of large flattened swimming- 
paddles. 

Schmidt brings forward evidence to show that the body- 
segments bend over comparatively slightly at the sides, as in 
ordinary trilobites, aad that the plates which seem to continue 
them on the under-side, thus covering the branohin, belong in 
reality to the branchial (phyllopodous) appendages themselves. 

The telson, in opposition to that of Pterygotus, is a long 
spine. 

Uppermost ffoilandian to Carbaniferaiu, 

Pterygotus is generally similar in form to Enrypterus, but its 
two large eyes lie on the anterior margin of the head-shield. 
The first appendage on each side is long, and terminates in a 
claw like that of the lobster. Schmidt f finds four smaller simple 
pairs of appendages behind this one — not three as usually 
figured; the sixth, as in Eurypterus, is a pair of broad swimming- 
paddles. The telson is also broad and paddle-shaped. 

Ordovician (Bohemia) to Devonian {Old Bed Sandstone), 

Stylonums resembles Eurypterus, and has similarly a spine 
for the telson; but its two posterior pairs of limbs are very 
long, resembling jointed rods. 

Uppermost GoUandian to Devonian, 



E. Lbptostraoa (Phtllooarida). 

This division of the Crustacea has been formed to include the 
small living genus Nebalia, which has characters intermediate 
between some Entomostraca and the Malacostraca. As in the 
latter division, the head and thorax together include thirteen 

* **Die Gmstaceenfaona der Eurypterenachichten von KootzikGll anf 
Oesel." M^, Acad, imp. dea Sciences de St. Peterebourgf s^r. 7, tome 
xxxi. (1883), p. 51, &c. 

t76id.,p.W. 
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segments; but Nebalia is peculiar in having eight abdominal 
segments. The thoracic limbs ally Nebalia to the Phyllopods ; 
and it has, like Apus in that group, a thin dorsal shield, folded 
over laterally, and covering the cephalic and thoracic segments. 
On the other hand, it has a characteristic appendage, the rostntm^ 
in front of the shield Nebalia is Marine. 

Several well-known PaliBozoic genera have been transferred 
here from the Phyllopoda, on account of the fairly constant 
number of their segments, the presence of a rostrum, &c. But 
much caution must necessarily be exercised in dealing with their 
thin and fragmentary remains. 

Geratiocans. — Dorsal shield bivalve, somewhat rectangular 
when viewed from the side. Fourteen or more segments, of 
which sometimes as many as seven are free, and project beyond 
the dorsal shield. Surface of shield finely striated parallel to its 
length. Rostrum known. Abdomen terminating in a telson, 
which is formed of a large and two shorter spines. 

Ordovicicm to Carboniferous. 

Hymenocaris. — Dorsal shield composed of one piece folded 
over, distinctly convex at the ventral border. Telson with 
several spines. 

Cambnan {Lingula Flags), 



F. Malaoostraoa. 

In this division, including the modern types of highly-organ- 
ised Ortistacea, the animal has typically six head-segments (some 
authors, reckoning in the eye, have counted seven), seven 
thoracic segments, and seven abdominal segments, induoing the 
telson. 

While fossil remains of Malacostraca occur scattered fairly 
freely through Mesozoic and Gainozoic rocks, they are scarcely 
to be regarded as of importance in characterising special horizons. 

ArchsBoniscus may be mentioned as an early representative of 
the Isopoda, the order that includes the Woodlouse (Oniscus). 
The isopods have the head distinct from the thoracic segments ; 
the form is broadly oval, and the branchise are borne by the 
fused abdominal segments. In Archseomscus there are thirteen 
thoracico-abdominaJ segments, including a rounded telson. 
Milne-Edwards assigns seven of these to the thorax. 

Purbeck. 

As an example of the Macrurous Decapoda, which include the 
Lobster, we may mention Hoploparia, in which there is the 



Digitized by VjOOQIC 



aHABACTBBISTIO INYERTEBBATB FOSSILS. 405 

oharaoteristic fusion of the anterior segments into a cephalo- 
tboracic shield. One of the two great anterior clawed limbs is 
more slender than the other. 

Lower Cretaceotia to Eocene (London Clay). 

Lastly, Palffiocorystes (Qatdt to Eocene), and Zanthopsis of the 
Cretaceous and Eocene, are familiar Brachyurous Decapods; they 
are crab-like, therefore, in form, with the abdomen, unlike that 
of the Macrura, folded under the broad oephalothoracio shield. 



CHAPTER XXVin. 

SUGGESTBD UBT OF CHABAOTBBISTIO INYEBTBBBATB FOSSILS. 

As already mentioned (p. 292), this list consists in great part 
of forms familiar in the British Isles, and must be modified to 
suit the needs of observers in any special area. Some rare 
forms are included, where they mark important zones, or where 
they are a distinct addition to the fauna as displayed by other 
genera. Attention is particularly directed to the generic names, 
since these give an idea of the faunsa of successive periods, in 
whatever country the student may be placed. On going over 
the list in front of the specimens in a public collection, notes 
may conveniently be added as to specific characters. A few 
such notes are given here; but to ascertain the real points of 
difference between one species and another of the same genus, 
reference must be made to the original descriptions, or to publi- 
cations such as those of the PaUeontographical Society. Dr. £. 
Koken, in his Leit/oasilien (0. H. Tauchnitz, Leipzig, 1896), 
enters usefully into the specific details of a large number of 
characteristic fossils. Where synonyms exist, the more familiar 
names of genera have been adopted ; and where a new genus 
has been established out of a subdivision of an old one, the 
older name is often also given. 

AbbFevlatlons uaed :— Hydro. ^ Hydrocoa. Aotin. » Aotinosoa. 
Brach. — Braohiopoda. Lam. » Lamellibranohiafca. Cast. » Gastropoda. 
Ceph.= Cephalopoda. Am. =^ Ammonites, 
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I. CAMBRIAN. 
Lower Series (Olenellus Series; Taconian, Lapwori^h, 1891). 

Bpoogise. Frotospongia, 
Brach. LingtUdla primcsva, 
Pteropoda 1 Hyolithes antiquua, 
Trilobita. OleneUua. 

Middle Series (Menevian; Paradoxides Series). 

Spongis. Frotospongia /eneatrcUa. 
Brach. Discina pileolus, OholMa BogUtalis, 
Pteropoda 1 Hyolithes corruqtUua. 

Trilobita. Paradoandes Damdis. Conocoryphe eororuUa, Ag- 
no8tu8 scutdUa, 

Upper Series (Olenas Series). 

LiNQULA Flags Stage. 

Brach. Ltngulella Baviiii. Orthis lenticularia, 
Trilobita. Agnoatus pisi/ormia, 
Phyllocarida. Hymenocaria vermicauda, 

Tremadoc Stage. 

Hydro. Dictyonema aociale. 

Brach. Orthia Carauaii, LinguUUa Upia, 

Lam. Cyrtodonta and Glyptarca, an early ally of Area (rare). 

Pteropoda. Hyolithea, ContUa/ria. 

Trilobita. Olenua. Conoeoryphe depreaaa, Angelina Sedgwicki. 



IL ORDOVICIAN (LOWER SILURIAN). 
Arenig Series. 
Hydro. Didymograpiua. Diplograpiua. 

Llandeilo Series. 

Hydro. Didymograptua Murchiaoni. 
Brach. Orthia atriatula. 
Gast. Beilerophon perturbatua. 

Trilobita. Ogygia Buchii. Aaaphua tyra/nntia. Trinucleue. 
CcUymene, 
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Bala Series. 

Hydro. DiplograpUu. Climaoograptua, 
Brach. Orthis eaUigramma, . OrthiaJktbelltUum, 
Ceph. Orthocercu vagans, 
Cystidea. EohinosphcBritea. 

Trilobita. TrinucUus concerUruma. Ulcenug. Phacops Bnmg- 
niarti. 



m. GOTLANDIAN (UPPER SILURIAN). 

Llandovery Series. 

Hydro. Biplograptue veaioulostis, Manograptua Sedgtckki. 
JSaatrites peregrintts, 

Brach. Fentamenu oblangtu (common as casts in England). 
Trilobita. Froetua Stokesii. 

Wenlock Series. 

Hydro. Monograpius priodon. Stromatopora. 

Actin. Hdiolites inter stinctus, Halyaitea caienularia (also in 
Bala Series). Omphyma turbinatum, Gyathophyllum anguBtum, 
Favosites goMandica. Alveolites. Gcemtee. 

Polyzoa. FeneeteUa. 

Brach. Rhynchonella borealis, Orthis elegantula, Leptaena 
rhomboidalis, Atrypa reticularis, MeristeUa tumida. 

Lam. Orihonota amygdcUina. 

Grast. Euomphahis rugosus, Pleurotomaria, Murchisonia. 

Pteropoda f Tentaculites, 

Ceph. Orthaceras anntdattim. Fhragmoceras. Gomphoceras. 

Crinoidea. Actinoorinus, Cyatkocrinus. 

Trilobita. CcUymene Blumenbachii, Homdlonotus delpMnO" 
cephalus, DtUmania caudoUa (Fhacops caudcUus), 

Ludlow Series. 

Brach. Fentameras Knightii (Aymestry Limestone). 
Lam. Cardiola interrupta, Orihonota. Grammysia, 
Ceph. Orth/oceras ludense, Lituites. 
Eurypterida. Ewryptertts, Fterygotus. Stylonvrus. 



IV. DEVONIAN. 

Lower Series. 

Brach. Spirifer speciosus. 
Lam. Grammysia ma/rginata. 
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Oeph. Orthooeras. 

Trilobita. £rarUeu8. Homalanotua. 

Middle SerieB, 

Aetin. Cyaihophylhim hdiarUhoideB, FfMxmUa camigera. 
Calceola iondalina, 

Brach. Stringoeepholua Burtini, Spi/rtftr degofM, Pentamerug 
y tJeatUB. 

Oast. Bdlerophan striaiiu, Fhurotomaria, Murchiuania, 

Crinoidea. Actinocrinua, 

Trilobita. Phacops loHJrana. Branteus JlabeUifer. 

Upper Series. 

Hydro. Stromatopora. 

Braoh. Atrypa reUcularia (paasea up from Silurian). Shyn- 
ehanel/a cubaidee. Spirifer VwnmOi. 

Lam. CucuUcBa unUateralia (Hardingii), Cardida, 
Oeph. Clymenia. Prolecanites (Ganiatitesy 

Old Red Sandstone (Fresh-water Devonian). 

Lam. Archanodon JukeM (passage-beds to L. Oarboniferoos). 

Phjllopoda. EBthma. 

Eurypterida. Eun/pterus. Pterygoiua, Stylonurus. 



V. CARBONIFEROUS. 

Foraminifera. Endothyra. FusuUna, Saccammina Jusulini- 
formis. 

Actin. Cya/thcphyWwmrtgi'wni, ZaphrerUis (Caninia) cylindrica, 
Lithoatrotion btualtiforme, Lonsdaisia flortformis, Michelinia 
/avoaa, Syringopora ramulosa, 

Folyzoa. Fenestdla, Entalophora. 

Brach. Spirifer striatvs, Productus semiretumUUtis, Pro- 
ducts gigatUetLS, Orthis reaupincUa, Bhynchonella pugnus. 
Terebraiula haatata. 

Lam. Poaidonomya Beeheri. Avieulopecten (Pterineopecten) 
papyraceus. Canocardium aliforme, Carbonieda aquUina and 
other species (freshwater beds). 

Gast. Eiwmphalua pentangulatus, BeUerophork. Natieopais, 
Pletirotomana, 

Pteropoda. ComUaria. 
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Ceph. Orthoceras. JDiscites. Goniatites : — Glyphioeeraa 
ereniatria; Gaatrioceraa Listeri ; Fronorites eydoiobus. 
Crinoidea. Acttnocrintu, Plaiycrinvs. Cyathoorinus, 
Blastoidea. Granatocrimu dlipticus. FerUremites. 
Trilobita. Griffithides aemini/erua {Fhillipna seminifera). 
" Uipaia gemmulifera. 



VL PERMIAN. 

Polyzoa. Feneetella retiformis. 

Brach. Frodtushu horridus, Camofrophoria muUiplicata. 

Lam. SchAxodua trwncatua, 

Gast. BeUeroplum. 



VII. TRIAS. 
Lower Series (Bnnter and Werfen Series). 

Lam. Myophoria coatoto (Banter). Modiola hirtmdiformis 
(Bunter). Monotis Clarai (Werfen). Trigania coeUUa (Bunter 
and Werfen ; also M. Jurassic^. 

Ceph. Traehycercu, and otner allies of CercUUea (Werfen; 
Beneckeia, among these, occurs also in Bunter). 

Phyllopoda. Batheria Alhertii (Bunter). 

Middle Series (Muschelkalk Series). 

Brach. Spiriferina Mentzdi. Twebrolvla vulgaria, Fetzia 
(TetractineUa) trigonella. 

Lam. DaoneUa Sturi (Alps). Lima (sub-gen. FadtUa) atricUa, 
GerviUia (Hcsmeaia) aocudia, Myophoria vtdgaria. 

Ceph. Orthoceraa campcmUe (Alps). Ammonites: — IVachy- 
ceraa, CercUitea nodoaua. 

Crinoidea. — Encrinua liliiformia (B./oaailia). 

Upper Series (Keuper and Upper Alpine Series). 

Brach. Koninckina Leoruvrdi (Alps). 

Lam. DaoneUa {ffalobta) Lommdi (Alps). Cardita crenata 
(Alps). GarvUlia aubeoatata, Myophoria Gold/uaai, Myophoria 
raibliana (Keuper and Alps). 

Gast. 7W&0 aolita/riua (Alps). 

Ceph. Orthoceraa degoflna ^Alps). Ammonites: — Aroeatea 
aubumbilicaiua ; Arceatea Gaytan%; Traehyoeraa Aon (Alps). 
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Echinoidea. Cidaais (Alps). 
Phjllopoda. BHheria minuta (Keuper). 

RhSBtic. 

Lam. MonotU decussata, AviciUa contorta. Pecten vcUoniensis. 
Protocardia rhaUca, 



VIII. JURASSIC. 
Lower Jurassic. 

Lower Lias. 

Brach. Spiriferina WalcoUii, 

Lam. Avioula eygnipes (also Middle Lias). Cardinia Listeru 
Cardvnia ovalis. Hippopodium panderosum, Gryphcca incurvcu 
Lima (sub-gen. Plagiostoma) gigcmtea. 

Gast. Pleurotomaria anglica. 

Ceph. Ammonites : — Psilocercu planorbia; Sehlotheimia angu- 
kUai^goceraa cmguUUum); Arietites Conybeari; ArieHtea Buck- 
landi; ArietHeB ohtusus ; Oxynoticeras (Amaltheus) axynotus; 
ArieHtes raricoatatus ; JSgooeraa pkmieasta. 

Orinoidea. P&niacrinas, 

Middle Lias. 

Brach. TerelnxUula punctata. RhynchoneUa tetrahedra. 

Lam. Pecten cequivcUvia, 

Ceph. Ammonites: — Amaltheus margaritattis ; AmalthetM 
gpinatus; ASgoceraa capricomua ; ^goceraa Henleyi; ASgacercu 
armatu/m. 

Upper Lias. 

Lam. Leda ovum, 

Ceph. Ammonites : — PhyUocerae heterophyllwn ; Ccdoceraa 
commune; ffarpoceraa {HUdoceras) hifrona; Hcvrpoceras serpen- 
tinum. Belemnitea often abundant. 

Middle Jurassic. 

MiDFORD Sands. 

Braoh. Bhynohonelh oynoeephala (ventral margin strikingly 
plicated). 

Lam. Pholadomya fdicula. 

Ceph. Lytocerae jurense (Ammonites jurensis). This species 
has several auxiliary lobes, contrary to the rule in Lytoceras. 
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Inferior Oolitb. 

Actin. M<yrUlwdlMa, 

Brach. Tertibratuia fimbria. RhynchoneUa apinota. 

Lam. Lima (sub-gen. Ctenostreon) proboscidea, Trigomck^ 
numerous species ; e.g., Trigonia eaatata, Ceromya hajociaifia, 

Gast. Fseudomelimia (Chemnitzia), Nerinea. 

Ceph. Ammonites: — Parkinsonia (Cownoceraa) Parkinaoni ; 
Stephanoeertu humphriesianum, 

Echinoidea. Glypeua Plotii, PygorhytU ringena (Pygorhytis 
is one of the Collyritidse). 

Bathonian. 

Brach. Terebratida maoci^iata (note the range of form in this 
species). WaMheimia digona, JRhynchondla concinna. 

Lam. Oresslya peregrina. GermUia actUa, Homomya gibhoaa. 
Crinoidea. Apiocrinua Parkinatmi (A, degana). 
Echinoidea. Bckinobriaaua dunictUaria. 



Upper Jurassic. 

Oxford Clay. 

Lam. AUcf/ryonia (Oatrea) MarakL Oryphaaa dUatata. Tri- 
gonia elongata (also in Kimeridge Clay). 

Oeph. Ammonites : — Coamoearaa Jeuan ; Coamoceraa callo- 
vienae (Kellaways Rock). NautUua heocagonus, BdemnUea 
Oto&ni ( '^puaoaianua). 

CORALUNB Oolite. 

Actin. Thacaamilia annularis. Thamnaatrcea araehnoidaa. 

Lam. Trigonia davelkUa. Ooniomya v-acripta, 

Gast. BourgueUa {PhasianeUa) airiaUt. Fa&udomdania {Chem- 
nUzia) haddingUmenaia. Nminea GoodhallL 

Ceph. Amaliheua (Cardiocercu) vertdralia (also in upper zone 
of Oxford Olay). Belemnites abhreviabua. 

Echinoidea. Cidariafiorigemma. 

Kimeridge Clay. 

Brach. RhynchoneUa inconatana. 

Lam. Oatrea deltaidea. Exogyra virgula. 

Ceph. Holcoatephanua pallaaianua.* 

* See Miss Healey, Quart, Joum. Oeol. Sac., voL Ix. (1904), p. 60. 
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Portland Bbds. 

Aotin. IscutrcBa oblonga (best known by its oasts in flinty in 
which the white parts represent the infilling of the calyx, and 
the darker more transparent portions the replacement of the 
septa and wall. In this species there is no columella, and the 
septa are strongly marked with lateral granules). 

Lam. Trigonia gibhosa, 

Gast. Cerithium portltmdicum (best known by its screw-like 
casts). 

PuRBBCK Beds, 

Lam. Cyrefna, Ostrea distarta, 
Crast. FcUtuiina, IdmruEa. 

Crustacea. Cypridea punctata, Cypridea granulosa, Cypris 
purbeckenaU. ArehcBoniscus Brodiei, 

TiTHONiAN Stage (Basin of the Rhone). 
Brach. Pygops and allied varieties of Terebratula. 



IX. CRETACEOUS. 
Lower Cretaceous. 

NbocOMIAN of France and Switzerland (Lower Neooomian of 
many authors). Compare with Lower Speetou Beds in England. 

Lam. Eocogyra (Oatrea) C<mUm%, Pema MuUeti (see Ather- 
fielg Clay). Janvra oAava, 

Ceph. Ammonites : — Hoplites neocamienna ; Holeostephanus 

iOlcaatephanus) astierianua. Crioceraa (Ancylocercu) DuwUiL 
^elenmitea laterdlia, 

Echinoidea. Toooaater complanatua. (Toxaster is a close ally 
of Micraster ; the ambulacra are open below, and the pores are 
slit-like.) 

W BALDEN (Fresh-Water Passage-Beds from 
Upper Jurassic). 

Lam. Cyrana media, Unio valdenaia. 

Gast. Paludina elongata, Melania atrambi/armis, 

Ostracoda. Cypridea valdenaia. 
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Barremian* or Ubqonian (Atherfield OJay). 

Actin. Holooystis elegans. 

Lam. GermUia anoepa, Pema MuUeti (found also in the 
Upper Speeton Beds). Panopcea plicata, 

Aptian (Hythe Beds and most of Folkestone Beds). 

SpongiiB. Numerous spicules in the cherts. 

Brach. TerebrcUuLa ieUa (also in the Atherfield Clay and 
Speeton Beds). 

Lam. Exogyra ainuata (often large). PUoaiula placunea. 

Ceph. Hoplites (Am.) Deahayesii (in this species the median 
furrow common in Hoplites is absent ; characteristic also of the 
(Jpper Speeton Beds). 

Albian or Sblbornian^ (Gault, with uppermost part of 
Folkestone Beds). 

Brach. Kingena lima. TerabrahUa biplicata. 

Lam. Exogyra conioa. Inoceramus coneenirictts, Inoceramus 
(sub-gen. Actinoceramtu) auUxUus. Nwsula pectinata, Janira 
quinquecosUUa, Pecten orbictdaria and asper (also in Oeno- 
manian). 

Scaphopoda. Dentalium decusscUtun, 

Gast. Alaria earinata (often called Aparrhaia, This species 
has a narrowed tongue-like, and not broad, expansion of the 
outer lip). 

Ceph. Ammonites : — Acanthoeeraa (DtmvUiSieercu) mamU- 
latum (near base); ffopUtea irUerrvptus ; Hoplites latUtu ; 
Hoplites splendens ; Schlcenbachia inflata ( = rostrata), Hamites, 
Ancyloeeras, Belemnites minimus. 

Upper Cretaceous. 

Cenomanjan (Lower Chalk Stage). 

SpongiiB. Plocoscyphia masandrina. 

Lam. Alectryonia (Ostrea) frans. Pecten asper, 

* See De Lapparent, TraiU de Oidogie, 3me. 4d, (1893), pp. 1098 and 
1118. Barr^mian, due to Coquand in 1862, is the preferable term. 

t See Jukes-Browne an I Hill, as to correlation of beds styled " Upper 
Greensand" in England, Mem. OeU. Surv.. "Cret Rocks of Britain" 
(1900), pp. 1431, 
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Ceph. Ammonites: — AcanthocerasrotfiomageTue; Schlcenbachia 
variana. Scaphites coqtudia, TurrUites eosUUvs. Actinocamax 
pUnua (BdemniteUa plena ; at top of series). 

Echinoidea. Discaidea cylindrica. Bolaster gubglohosua. 

TURONIAN (Middle Chalk). 

Brach. Terebratulina gracilis. 
Lam. Inoceramus labiatus. 
Echinoidea. Holaster plantu. 

SSNONIAN (Upper Chalk). 

Spongiffi. Daryderma, VerUrictUiies. Cliona cretaeea (known 
as borings, or casts of borings). 

Brach. Terebratida camea, Terebrattdina striata. Rhyn- 
chonella plicatilis. Crania. 

Lam. Pecten nitidtu (a small almost smooth form). Spondylus 
spinosus, Inoceramus Cuvieri. Inoceramus Brongniarti. Hip- 
purites. Ostrea vesicularis, 

Cepb. BelemniteUa mucronata (in higher beds). 

Echinoidea. Cidaris sceptri/era, Cyphosoma Kcmigi. Galeritea 
alhogalerus (Echinoconus conicus). Micraster coranguinum. Ana^r 
chyles ovatus {Echinocorys vidgaris). 

Da NT a N. 

Lam. Ostrea vesicularis. Hippurites. 
Oeph. Baculites Faujasu 



X. EOCENE. 

Lower Series (London Series). 

Lower London Tsrtiaries. 

Lam. Ostrea bellovacina. Pectunculus terebratularis. Cyrena 
cunei/armis. Cyprina Morrisii. 

Gast. Cerithivm ftmaJtum. Melania iwpwnjaJLa. Naiica sub- 
depressa. 

London Clay. 

Lam. Pectwiculus hrevirostris. Pholadomya margariiac^. 
Ttredo (common in fossil wood). 



Digitized by VjOOQIC 



OHARAOTERISTIC INYERTRBRATB FOSSILS. 415 

Gast Turritella imbricaiaria. Aporrhaia Sowerhyi. Pleuro- 
ioma teretritim (and several other species). GcUems {Calyptrasa) 
trochifiynnia, Cassidaria nodosa. 

Geph. NaulUiM imperialis, 

Annelida. DUrupa plana, 

Crustacea, ffoploparia BdU. Xanthopsia Leachi, 

Middle Series (Bracklesham Series). 

Foraminifera. Nummvlites Icsvigatus, Nummuliies variolarius. 

Actin. Litharasa Websteri. 

Lam. Venericardia (Cardita) planicosta. Tellina speciosa (and 
several other species). 

Gast. CerUhium giganteum. Murex minax, Plewrotoma 
attentuUa. Conus diadema (and several other species). 

Upper Series (Barton Series). 

Lam. CrassateUa sulcata. Cardita sulcata. Chama squamosa. 
Gast. Rostdlaria (sub-gen. Hippochrenes) ampla. Fusus (sub- 
gen. Clavella) longcsvus. Voluta luctatfix. Voluta ambigua. 



XL OLTGOOENE. 
Lower Series (Flnvio-marine Series of Isle of Wight). 

Lam. Cytherea incrassata (the typical fossil of the marine 
bands). Cyrena obovata. Cyrena semistricUa. Ostrea veetensis. 
Corhvla pisum. 

Gast. Melania muricata. Mdania costaia. Mdania turri- 
tissima. Mdanopsis caHruUa. Cerithium mutabile. Cerithium 
plicatum, Cerithium elegans, Riss9a ChastdL Neritina concava, 
Potamides concavus. Limncsa cmudata. Ltmncea longiscata. 
Pianorbis euomphalus. Planorbis discus. Pdlvdina lenta. 
Bulimus eUipticus. Belix globoscL 

Ostracoda. Cypris. 

Upper Series (Aqnltanian of Paris Basin and North Germany). 

Gast. Limnasa cornea. Potamides Lamarcki. Planorbis corm^ 
Uelix Defrancei (and several other species). 
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XIL MIOCENE. 

Bardigalian* (Faluns of Bordeaux). 

Oast. Melania aquiianica. Hydrobia acuta (in Mayence 
Basin). 

Helvetian (Faluns of Touraine and Anjou in great part ; 
Swiss Marine Mollasse). 

Lam. Ostrea Graasissima. Lima 9quamo8€L Area turonica. 
Oast. Troehus vncrassatus. 
Eihinoidea. Scutdla, 

Tortonlan (of N. Italy, Jto.). 

Gkst. PZ^t^ro^oma (numerous speoiesi Conus €mitiquu8. Valuta 
wvnapvna, HeUx turonenns (in Touraine). 



XIII. PLIOCENE. 

Pannonian (Sarmatian and Pontian of De Lapparent's 
Miocene System). 

Lam. PcmopoM Menardi (lowest beds). Venua midtilameUiJu 
Congeria (several species). 

Placentian (Coralline Crag). 

Polyzoa. Faacicularia aurantium. JStcJiara manilifera, Cdle- 
pora edax. 

Brach. Terebraitda grandis (an unusually large species; 
found also in the Lenham Beds). lAngvJLa Ihmortieri, 

Lam. Pectunculu8 glycimeris (also found in the Lenham 
Beds). Aatwrte OtnaleL Cardita senilis, Cypr^na idandica 
(also in higher Pliocene). 

Cast. Tv/rriteUa incrassata, VohUa LambertL Ofusidaria 
hicatenata. Ficula (Pynda) reticulata, 

Echinoidea. Echiwis Woodtoardii, 

* This term is due to M. Dep^ret ; see De Lupparent, TroMi de C^otogu. 
3ine. 4d,, ]^ 1294. 
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Astian to Sicilian, 

Bed Cm AG. 

Lam. Pecten operctdaris. Cardium Pcvrkineoni, TeUina obUqtuu 
Mad/ra ovcUis. 

Gast. Btu^num undatum, N<M8a reticosa, Pwqpwra tetra- 
gona, PwrjAira lapUlua. Natica mrUtipunctata (and several 
other species V Trophon {Chryaodomua) antiquiM. Trophon 
(Chryscdomvs) conirarius (a common '* left-handed " form). 

Norwich Orag. 
Gast. Turritella terebra ( = commnma). Trophon scalariformis. 

CniLLESFORD BSDS. 

Lam. My a truncata. Cyprina islandica. 
Gast. LiUorina liUorea, 



27 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



419 



INDEX. 



Abney's level, 8. 

Absorption of light, 144. 
Acanthoceras, 369. 
Acetylene tetrabromide, 31. 
Aoidaspis, 393. 
Aomite, 181, 
Acroealenia, 384. 
Actinooamax, 373. 
ActinooeramiLB, 337. 
Actinooeras, 359. 
AotinooriniiB, 379. 
Actinolite, 165. 

„ -Schist, 282. 
Actinoasoa, 304. 
^girine, 181. 
^gooeras, 366. 
Agate mortar, 4i. 
Agglomerate-lavas, 99, 197. 
Agglomerates, volcanic, 195. 
Agm^te-growth, 149. 
A^uspis, 401. 
Agnostns, 397. 
Alabaster, 208, 274. 
Alaria, 348. 
Alaskite, 219. 
Albite, 84, 173, 275. 
Aloyonaria, 306. 
Aleotryonia; 339. 
Alge, action of, 203, 204, 208. 
Allotriomorphio crystals, 99. 
Allport, on Wrekin rocks, 265. 
Alum in trachyte, 245. 
Aluminium plate, 40. 

„ tesU for, 60. 

Alunite, 77. 
Alveolites, 310. 
Amaltheus, 366. 
Amazon-stone, 84. 
Amblystegite, 178. 
Amethyst, 155. 
Ammonites, 363. 
Ammonoidea, 360. 
Amphiboles, 155, 181, 190. 



Amphibole-Sohists, 281. 

Amphibolite, 273, 275, 281, 282. 

Amygdaloidal structiure, 100. 

Analcime, 155. 

Analysis, chemical, of rooks, 107* 

Ananchytes, 387. 

Anatase, 155. 

Ancyloceras, 371. 

Andalusite, 89, 155, 272. 

Andesine, 84, 173. 

Andesite, 249, 250. 

„ -Glass, 266. 
Angelina, 397. 

Angles of crystals, 16, 136 ; of ex- 
tinction, 145. 
Anfflesite, 66. 
Anhydrite, 66. 
Annelida, 389. 
Anodonta, 334. 

Anomalous double refraction, 150. 
Anorthite, 66, 84, 173. 
-Gabbro, 234. 
Anorthoclase, 168. 
Anthophyllite, 156. 
Anthracite, 213. 
Anthracosia, 334. 
Antimonite, 66. 
Antimony, tests for, 61. 
Anvil for blowpipe- work, 40. 
Apatite, 67, 156. 
Apiocrinus, 378. 
Aplite, 219. 
Apophyllite, 67. 
Aporrhais, 348. 
Aptychus, 357. 
Apus, 393, 404. 
Arachnida, 393, 402. 
Araeometer, 25. 
Aragonite, 67, 156, 201. 
Area, 332. 
Aroestes, 364. 
ArchsBOoidaris, 388. 
ArchsBoniscus, 404. 
Archanodon, 334. 
Arenaceous foraminifera, 294, 297. 
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Arfvedsonite, 180. 
Argentite, 67. 
AreoDAuta, 356, 
Arietites, 367. 
Arkoae, 193. 
Arsenic, tests for, 6L 
Arthropoda» 390. 
Artioulata, 316. 
AsaphuB, 400. 
AsbostoB, 72. 

Ashes, Yolcanio, 195, 277. 
Asiphonate Lamellibranchs, 

339. 
Assilina, 296. 
Astarte, 329. 
Asteroidea, 388. 
AsthenoBoma, 388. 
Astropeoten, 389. 
Atacamite, 67. 
Atrypa, 318. 
Attractilites, 378. 
Augite, 67, 157. 

„ -Andesite, 252. 

„ -Diorite, 227. 

„ -Syenite, 223. 
Auffitite, 262. 
Avicula, 335. 
Aviculopecten, 341. 
Axes of elasticity, 87. 
Azurite, 67. 

B. 



Baetrltes, 363. 

Baculites, 370. 
Baked shale, 272. 
Banded structure, 97, 241. 
Barium, tests for, 61. 
Barkevikite, 181. 
Barrandeoceras, 358. 
Barytes, 67, 192. 
Basalt-Glass, 268. 
Basaltic Andesite, 252. 
Basanite, 255, 260, 261. 
Bastite, 157. 
Bathmoceras, 358. 
Bauxite, 199. 

Becke on refractive index, 142. 
Belemnitella, 373. 
Belemnites, 371. 
Belemnoteuthis, 374. 
Belinurus, 402. 
Bellero]^hon, 352. 
Belosepia, 374. 



Beneoketo (Bunter), 409. 
Bertrand eye-piece, 146. 
Beyriohia, 392. 
Biotite, 158. 
Bisectrices, 88. 
Bismuth, native, 68. 

„ test for, 61. 
Bismuthine, 68. 
Black Band, 209. 
Blastoidea, 380. 
Blende, 77. 
Blowpipe, 37. 

,, -examination of minerals, 
37-38 ; works on, 43. 

„ -flames, 44. 

„ -lamps, 38. 

„ -reagents, 42. 
Blue glass, use of, 49. 
Bolton, on use of organic acids, 34. 
Bone-beds, 207. 

Bonney, on siliceous cements, 192. 
Borax, reactions in, 49. 
Boring molluscs, 324. 
Bomite, 68. 
Boron, tests for, 61. 
Borotungstate of cadmium, 30, 116. 
Bothriocidaris, 388. 
Bourguetia, 349. 
Brachiopoda, 314. 

Breociated lavas, 99, 197 ; limestone, 
206,207. 

„ structure, 94. 

Bromyrite, 73. 
Bronteus, 401. 
Bronzite, 178. 
Brown Coal, 212. 
Brucite, 68. 
Bryozoa, 311. 
Buccinum, 346. 
Bulimus, 354. 
Bytownite, 84, 173. 



Cadmium, test for, 61. 

Calamine, 68; ''Electric," 72. 
Calcareous Algae, 203. 
Calceola, 308. 
Caloiphyre, 273, 274. 
Calcite, 68, 158, 201. 
Calcium, tests for, 61, 83. 
Calc-Schist, 283. 
Calymene, 398. 



Digitized by VjOOQIC 



INDEX. 



421 



Oalyptrea, 352. 

Camarophoria, 317. 

Gamptonite, 232. 

Caninia, 307. 

Carangeot, contact goniometer, 16. 

Carbon dioxide, tests for, 61. 

Carbonates, examination of, 84, 106. 

Carbonioola, 334. 

Card trays, 292. 

Cardinia, 330. 

Cardioceras, 411. 

Cardiola, 333. 

Cardito, 330. 

Cardinm, 328. 

Carpenter, P. H., on crinoids, 376, 

Carstone, 103. 

Cassidaria, 347. 

Cassiterite, 68, 160. 

Celestine, 68. 

Cellepora, 314. 

Cephalopoda, 366. 

Ceratiocaris, 404, 

Ceratites, 364. 

Cerithinm, 349. 

Ceromya, 326. 

CerusBite, 68. 

Ghalcedonv, 159, 192, 210. 

Chaloopjrite, 70. 

Chalcosine ( = Redruthite), 75. 

Chalk, 201, 202. 

Chalybite, 69. 

Chama, 330. 

Characteristic invertebrate fossils, 

405. 
Charcoal for blowpipe- work, 39. 

„ reactions on, 55. 
Chasmope, 400. 
Cheilostomata, 313. 
Cheiruros, 393. 
Chemnitzia, 349. 
Chenopus, 348. 
Chert, 200, 210. 
Chiastolite, 159, 272. 
Chlamys, 341. 
Chloanthite, 69. 
Chlorine, tests for, 61. 
Chlorite, 160. 
Chlorite-Schist, 280. 
Chloritoid, 172. 
Chondrophora, 374. 
Chromite, 69, 160. 
Chromium, tests for, 61. 
ChrysocoUa, 69. 
Chrysodomus, 417. 



Cidaris, 385. 

Cinnabar, 69. 

CipoUino, 274, 283. 

Citric acid, use of, 35. 

Clavella, 346. 

Clay-ironstone, 209 (see Chalybite). 

Clays, 197. 

Cleavage, of minerals, 20, 138; of 

rocks, 96, 276. 
Climacograptus, 303. 
Clinometer, 5. 
Clinozoisite, 185. 
Cliona, 299. 
Clymenia, 362. 
Clypeus, 386. 
Coals, 212. 
Coates's balance, 27. 
Cobalt, nitrate, use of, 55, 58. 

,, tests for, 61. 
Cobaltine, 69. 
Coccolite, 160. 
Coocoliths, 202. 
CoBloceras, 368. 
Cosnites, 310. 
CoUyrites, 387. 
Colour of minerals, 15. 
Columnar structure, 97. 
Compact Syenite, 224. 
Concretionary rocks, 209. 
Concretions, 207* 209. 
Cone-in-cone structure, 209. 
Congeria, 335. 
Conglomerates, 213, 283. 
Conocardium, 328. 
Conocephalus, 397. 
Conocoryphe, 397. 
Contact Goniometer, 16. 

„ -metamorpldsm, 271. 
Contour lines, 8. 
Conularia, 355. 
Conus, 345. 
Convergent polarised light, use of, 

151. 
Copper, tests for, 61. 

„ Glance, 75. 

„ Pyrites, 70. 
Coral-Limestones, 208. 
Corallines, 203. 
Gorbicula, 329. 
Corbula, 327. 
Cordier, researches on constitution 

of rocks, 110, 132. 
Gordierite, 160, 284. 
Cornish and KendaU, on shells, 201. 
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Endothyra, 297. 

Enstatite, 178. 

Entalophora, 312. 

EntomoBtraca, 390. 

Entroohal marble, 377. 

Eozoon, 273 (footnote). 

Epidiorite, 226, 228, 229, 235, 282, 

285. 
Epidote, 70, 161. 
Epsom salt (Epsomite), 71. 
Erabesdte (Bornite), 68. 
Eschara, 313. 
Estheria, 392. 
Euechinoidea, 388. 
EuomphaluB, 352. 
Euphotide, 227. 
Eurite, 220. 
Eurypterida, 402. 
Enrypterus, 403. 
Exogyra, 340. 
Extinction, angles of, 145. 
Extraction of minerals, 14. 
Eye-structure, 96, 279, 284. 



Faseieulapia, 312. 

Favosites, 310. 

Fekite, 220, 242. 

Felspars (see the various species). 

„ in sands, 190. 

„ , flame-reactions of, 78. 
Felstone, 242. 
Fenestella, 312. 
Fioula, 347. 

Field-observation, works on, 2. 
Flaggy Gneiss, 276. 
Flame-colouration, 47, 78. 
Flaser-gabbro, 234. 
Flint, 189, 200, 210. 
Flow-Breccia structure, 99. 
Fluidal gneissic structure, 102. 

„ structure, 99. 
Fluorine, tests for, 62. 
Fluor-spar, 71, 162. 
Foliation, 96, 278. 
Foraminif era, 294. 
Forellenstein, 234. 
Form of minerals, 15, 134. 
Formations, geological, 293. 
Fossils, study of, 287 ; mode of pre- 
servation, 290 ; derived, 292. 



Fouqu^, use of electro- magnet, 115; 

of nydrofluoric acid, 120. 
Foyaite, 223. 
Franklinite, 71. 
Fusibility of minerals, 45, 81; of 

rocks, 104. 
Fusion-place, 45, 79. 
Fusulina, 297. 
Fusus, 346. 



GabbFO, 227, 233, 285. 

„ -Gneiss, 285. 
Galena, 71. 
Galerites, 385. 
Galerus, 352. 
Gallinace, 266. 
Garnet, 71, 163. 

„ -amphibolite, 282. 
Gastrioceras, 363. 
Gastropoda, 343. 
Gedrite, 156. 
Gelatinisation on treatment with 

acid, 33. 
Genera, range of, 293; importance 

of, 405. 
Geoteuthis, 374. 
Gervillia, 337. 

Glass Tubes, reactions in, 53. 
Glassy igneous rocks, 263. 
Glauconite, 191, 299. 
Glaucophane, 181. 

„ -Schist, 282. 

Globigerina, 295. 
Glucina (see Aluminium), 61. 
Glycimeris, 325. 
Glyphioceras, 363. 
Glyptarca, 406. 
Gneisses, 283. 

Gneissic structure, 102, 284. 
Gomphoceras, 359, 
Goniaster, 389. 
Goniatites, 362. 
Goniometers, 16. 
Goniomya, 326. 
GOthite, 71. 
Grammysia, 335. 
Granatocrinus, 380. 
Granite, 217, 225. 
Granitic structure, 100. 
Granitite, 218. 

Granophyre, 102, 220, 221, 227. 
Granophyrio structure, 102. 



Kaolin, 72» 166, 190. 

Kendall, on gastropod shells, 345. 

„ and Cornish, on shells, 201. 
Kerargyrite, 72. 
Keratophyre, 222, 224. 
Kersantite, 225, 226, 232. 
Kersanton, 225. 
Kin^ena, 316. 
Klein's solution, 30. 
Koninckella, 319. 
Koninckina, 319. 
Kupfemickel, 73. 
Kyanite, 166. 



Labeehia, 302. 

Labelling of specimens, 11. 

Labradorite, 73, 84, 173. 

Lagena, 295. 

Lamellibranchiata, 322. 

Laminated structure, 94. 

Lainprophyre, 224, 232. 

Lantern of Aristotle, 382. 

Lapis Lazuli, 164. 

Lapworth, on metamorphic rocks, 

278, 279. 
Laterite, 193, 199. 
Lawson, on Malignite, 223; on 

Laurentian, 283. 
Lead, tests for, 62. 
Leda, 327. 
Left-handed shells, 344. 
Lemberg's test, 36. 
Leperditia, 392. 
Lepralia, 313 
Lept«ena, 319. 
Leptostraca, 403. 
Leptynite, 286. 
Leucite, 84, 166. 

„ -Andesite, 255. 
„ -Basalt, 261. 
Leucitite, 232, 236, 256, 261. 
Leucoxene, 183. 
Lherzolite, 239. 
Lima, 340. 

Limburgite, 262, 268. 
Limestones, 199; concretionary, 209; 

crystalline, 274, 283. 
Limnsaa, 354. 
Limonite, 73, 167. 
Limulas, 401, 402. 
Lingula, 320. 



Lingulella, 3S 
Liparite, 240. 
LitharsBa, 30S 
Lithistidse, 3( 
Lithium, test 
Lithodomus, I 
Lithoidal roci 
Lithophyses, 
Lithostrotion, 
Littorina, 351 
Littorinella (: 
Lituites, 359. 
Loams, 198. 
Loligo, 374. 
Lonsdaleia, 3( 
Luken's balan 
Lustre of mim 
„ -mottli 
Luxulyanite, I 
Lydian stone, 
Lytoceras, 37( 



Maerodon, 3 
Mactra, 326. 
Madreporaria, 
Magellania, 31 
Magmabasalt, 
Magnesite, 73. 
Magnesium, te 
Magnet, use c 

tuents, 115. 
Magnetic chart 
Magnetite, 22, 
Makchite, 73. 
Malacostraoa, 
Malignite, 223 
Manganese, tet 
Manganite, 75. 
Marbles, 274. 
Marcasite, 73, 
Marekanite, 10 
Marialite (Scap 
Marls, 198. 
Medlioottia, 36 
Meigen's test, i 
Meionite (Scapt 
Melania, 349. 
Melanite, 163. 
Melanopsis, 34( 
Melaphyre, 253 
MeUlite, 262. 

„ -Basalt, 



OlooBiephanus (Holcoetephanas), 368. 
Olenellua, 396. 
Olenus, 397. 
Oligoclase, 74, 84, 173. 
Olivine, 74, 170 ; nodules, 260. 

„ -Basalt, 257. 

„ -Diabase, 235, 258. 

,, -Dolerite, 234. 

„ -Gabbro, 232. 

„ -Leucitite, 261. 

„ -Nephelinite, 261. • 

„ -Rook, 239. 
Omphyma, 307. 
Onisous, 378. 
OoUtes, 203. 
Oolitio structure, 95, 203; in flint, 

212. 
Opal, 171. 
Ophioalcite, 274. 
Ophite, 101, 237. 
Ophitio structure, 101, 229, 260. 
Ophiuroidea, 388, 389. 
Optical sign of minerals, 147. 
Orbicular structure, 102, 220. 
Orbiouloidea, 321. 
Orbitoides, 296. 
Orthis, 319. 
Orthooer^, 359. 
Orthoolase, 74, 84, 171. 

,, -porphyry, 224. 
Orthogneiss, 278. 
Orthonota, 334. 
Orthophvre, 224. 
Ostraooda, 390. 
Oetrea, 339. 
Ottrelite, 172. 
Oxidising flame, 45. 
Oxynotioeras, 366. 



P. 

PalsBarcay 332. 

Palseaster, 389. 
Palaeeohinoidea, 3S8. 
Palsdechinus, 38S. 
Paladocorystes, 405. 
Palaeocrinoidea, 377. 
Palseontology, works on, 289. 
Palaconite, 266, 269. 
Paludina, 350. 
Panopsea, 325. 
Pantellerite, 246. 
Parabolina, 393. 



Paradoxides, 31 
Paragneiss, 27£ 
Paragonite, 28( 
Parauelodon, 3 
Parish's balanc 
Parkinsonia, 3C 
Patella, 353. 
Pecten, 341. 
Pectunculus, 3^ 
Pegmatite, 219. 
Pegmatitic stru 
P^l^ Hair, 268 
Pentaorinus, 37 
Pentamerus, 31 
Pentremites, 3ti 
Peridotite, 236, 
Perisphinctes, S 
Perlite, 264. 
Perlitic structui 
Perna, 337. 
Peronidella (Pei 
Petrography, w 
Petrosilex, 220, 
Phaoops, 400. 
Pharetrones, 30 
Phasianella, 352 
Phenocrysts, 97. 
Phillipsia, 401. 
Phlogopite, 173. 
Pholadidfe, 327. 
Pholadomya, 32( 
Pholas, 324. 
Phonolite, 247, \ 
Phormosoma, 38 
Phosphatic depo 
Phosphoric acid, 
Phosphorus, test 
Phragmoceras, 3 
Phn^mophora, *% 
PhylUide, 277. 
Phyllite, 277. 
Phyllocanda, 402 
Phylloceras, 365. 
Phyllopoda, 392. 
Piorite, 236. 
Pinite, 173. 
Pinna, 337. 
Pinnigena, 337. 
Pisolitic structur 
Pistacite, 161. 
Pitchblende, 74. 
Pitchstone, 263. 
Plagioclases. 173. 
Plagiostoma, 341. 



Riebeckite, 181. 

Right-handed shells, 344. 

RimeUa, 348. 

Rings and crosses in convergent 

polarised light, 161. 
Rissoa, 350. 

Roasting of minerals, 45. 
Rock-Salt, 75, 208. 

„ -structures, 94. 
Rocks, study of, in field, 92. 
RohrbacVs solution, 30. 
Rostellaria, 347. 
Rotalia, 296. 
RudistsB, 331. 
Rupert Jones, T., on Ostracoda, 

391 ; on Estherie, 392. 
RutUe, 75, 179, 187, 191, 277. 
Rutley, on Novaculite, 212. 



S. 
Saccammina, 297. 

Sal-ammoniac, 76. 
Sand, 186. 

„ -grains, characters of, 187. 
Sandstone, 191. 
Sanidine, 171. 
Saussure, H. B. de, determinations 

of fusibility, 46. 
Saussurite, 177, 227, 285. 
Scaphites, 371. 
Scaphopoda, 342. 
Scapolites, 179. 
Schalstein, 258. 
Schi^er and SchisU, 278. 
Schillerisation, 20, 139. 
SchisU, 278-28a 
Sohizodus, 334. 
Schloenbachia, 366. 
Schlotheimia, 366. 
Schluter, on Belemnitella, 374. 
Schmidt, on Eurypterida, 403. 
Schorl, 183. 
Scki-ogiTiphjj 28is. 
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QBIPFIN'S NAUTICAL SERIES. 

Sboohd Edition, Btvited and Dhitiraied. Price S$. 6d. 

NAVIGhATION: 

LGfTIGJLXi JfLMJ> rrSCEOREfTIGJLri. 



By DAVID WILSON-BARKER, RN.R, F.R.S.R, 4a, &a, 
WILLIAM ALLINGHAM, 

fIB8!^aLASB HOHOUBS, NATIGATIOH, flOIXHOI AHD ART DRPARXianra. 

Tnutb numerous ^lluatrationa and Biamfnation Queetfons. 

Gbtebal Contintb.— DefinitioDB— Lfttitade and Longitnde— Inftnuneiiti 
of Nayigation— Correction of Ck>arBe8— Plane Sailinfi^TraverBe Sailing^Day*! 
Week — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart— 
Meroator Sailing — Current Sailing— Position by Bearings— Ghreat Circle SaiUng 
—The Tides— Qaestions—AppencQx : Compass Error— NmneronB Useful Hintii 
Ac — Index. 

** PncuBLT the kind of work required for the New Oarttflcatee of oompetency In mdes 
firom Beoond Mate to extra Master, . . . Candidates will find it nn r A Tg i Bf . s *'— JtiwdM 
J Anitfjo . 

**A OAPiTAL UTiLS BOOK . . . spedally adapted to the New Bxsminations. Hie 
Authors are Oapt. Wxlboh-Baxkbb (Captain-SaperintendeBt of the Nantiosl Ctollege, H.M.& 
' Worsester/ who has had great experienee in the highest problems of NaTlgation), and 
Mb. Audtoham, a well-known writer on the Selenoe of NaTigaaon and Nastioal Astronomy. ** 
'-S Mpf i mg World. 



Handsome Clolh, Fully Illu9trated. Price 7$. 6d. 

MARINE METEOROLOGY, 

FOB 0FFIGEB8 OF THE MEBGHAMT MAVT. 
By WILLIAM ALLINGHAM, 

Joint Anthor of "NaTlgation, Theoretioal and PractleaL" 

With numeroaB PlaMs, Maps, Diagrama, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

8ITMMABY OF CONTENTS. 

IRTRODUCTORT.— Instnunents Uied at Sea for Meteorological Pnrposes.— Meteoco* 
togioal Log-Books.— Atmoipherio Preanue.— Air Temperatures.— Sea TTemperaturss.— 
Winds.— wind force Scales.— History of the Law of Storms.— Hurricanes, Sessons, snd 
Storm Trscks.— Solution of the Cyclone Problem.— Ocean Currents.- Icebergs.— &rn- 
ohronous Charts.— Dew, Mists, Fogs, snd Hase.— Clouds.- Bain, Snow, and HsIL— 
Mirsge, Bainbows, Coronss, Hales, and Meteors.— Lightning, Corposants, and Auroras.— 
Qdhziohs.- Appendix.- IHDRX. 

*' Quite the bbbt publication, asi) certainly the host isssassrise, on this ■utject erer 
pieeenledtoNantloalmen.''-SA^t)!Piiia<?d«tte. 

*,* For Complete List of Gbiftik's Nautical Ssbibs, see p. 39. 
lONDON: CHARLES ORIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 
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THE LEGAL DDTIE8 OF SHIPMASTERS. 

BENEDICT WM. GmSBUKG, M.A., LL,D. (CAKTiA), 

Of the I&ner Temple and Northern Circuit ; BftniBtet^st-Law. 

General ContenU.— The Qualtflcatlon for tho PoiLtLon of Shipmaster— The Coi^ 
te«3t wtth the ahtpowoer— Thii lUiter't Dai,y In rMpeci ol the Cnw i 



AnpanUoet; Dfadptlme; PtovIaIoiib, AecoaamodAiloii, mt Medical Ccmifoftt; : 
drWagM aad Dlichmrcfl— The MittUr'e Duty In rospeet of the PaMongegrt— 1lh« 
fluuiotftl EesponslblUtieft— The Muter'i Diitjr in revpect of the Cai^— The Muter'i 



Datj In Cue of Cuii&lt7--Th« Muter'i Duty to oertain Public Authoritlei— Tht 
liaater'a Duty In relation to PlloU, Slgnala, Flan, and Light IHifia— The Muter » Imty 
tLpon Arrlfai at the Port of Discharge— Appenaloei reiatnre to cert4tLn LenI Mattefi : 
Board oif Trade Certiflcatoa, Dletoir Scalea. StowiifEe of Grain Cargoeii Load Ltuo Eegut^ 
tlooa, Llfe-aartng Appliances, Carriage of Cattle at Sea, Ac., <ftc.— Coptoiu Index. 

'' No toteUiffent Master should fail to add this to faia Mat of oecemary booki. A few Udos 
of it may sats ▲ lawtee's raa, BaaiDse aNDLass woMui"—Littrpool J^^wmai of OfHnmtrtr 

^^Sasetvut;, plaloLy writien. In clkaa and NOK-TKCflvio&L ULVOuaai, and will be fornn*! or 
■UGH laavHUc hy tho Shipmajiwr; — A-irttA rrodr Re^*m, 



Second Edittoit, Reviaed. With Diagrams. Price 2». 

Latitude and Longitude: 

By W. J. MILLAR. C.K, 

LaU Setrttfiry to the ImL 0/ En^tntm'4 v^d ishipbuildtn im SeottoMi 
*' COMOISKIT and CLKABLY WRITTSH . . . cannot but prove an aoqmaitioil 
to tftcMO ftodyiiig Navi^tion,"— Jfann« Fngineer* 

" Toimg Seamen will find it BAm^T and traiFUt, sikplx and olsar.*'- 31W 



FiRST Am AT SEA. 

Third Kditiok^ Reviaed. With Coloured Plates and Numerotia Illuttr^ 

tiaoB, and comprising the latest Regulations Respeistiog the Carriage 

of Medio&l Stores on Board Ship. Frioe 6b, 

A MEDICAL AND SDRGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
iN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.R0.8., 

Prinol^i Medical Ofljcer, Beam en's Ho»pltal, Greeuwloh, 

*•' The attention of all lotereat^id in our Merchant Navy ia reqae»ted to this exeeedlLi^ij 
naeful and valuable work. It Is needless to say that It la the outcome of maoy yo»ra 
fSAonCAL sxFRHiicMCS amoDftit Seamen. 

*' Soriro, juDiciacs, a«4x.Lr wtLProu"— rA* Lamcet, 

*,* For Qomplele List oi Gbivfin's Nautical Si£aixt», aee p. 39. 
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ILLMeolLS., HLXLK, HLMlnA, Whit 8oh., ]f.Ord.M 

THE CALCULUS FOR ENGI 
AND PHYSICISTS, 

Applied to Technical Problen 

WITH BXTMMVl 

aiiAJBBIWIMD BXFXBJSXfO'K IiIST OF nTE 
Bj FBOF. BOBERT H. SMITH. 

▲S8I8TBD BT 

IL F. MT7IRHEAD, M.A.. B.So. 

WonutKi^ Olark Fellow of QlMgow UnlToraity, and Leeliinr on U 
Maaon College. 

In Oroum 8vo, extra, wUh JHetgrams and FoUOng-Fla 

** Pmor. S. H. Smrb'b book will be lerrloeeble In rendertng e baid rood i 
Aiu for tlM Bon-iDAtheinatloel Stadent and Rngtaeer."— ^lA^ncmai. 

*' Intanatlnt dlaflrama, with piaotleal UlostiatlonB of aetnal ooeofrenea, i 
In abondanoa. Trb TinT oomplmb oiABBinin lavnusoi vasu will v 
MTtaiff the time of thote who want an intagral In a hury."— T%« Eitgim$tr. 



MEASUREMENT CONVERT 

(English and French): 

43 GRAPHIC TABLES OB DIAGRAMS, ON 28 

Showing at a glanoe the Mutual Gonyibsioh of Mba 
in DiYfnKBNT UiriTB 

Of Langthi, Areas, YoliimM, Weights, Stresses, Densiti 
of Work, Hone Powers, Temperatures, Am 
Fw tht MM of Englnoen, 8unf9yw9, Arthliteta, vHi OoHtn 
In 4tOt Bo€Lrd9, 7a. dd. 
* * Prof. Smith's Cohybbsion-Tablbs form the most im 
prehensive ooUeotion ever pUoed hefore the profession. By \ 
vme and labour will be saved, and the ohanoes of error 
diminished. It is believed that henceforth no Engineer's 
ooosidered complete without them. 



Pocket Slse, Leather Limp, with ODt Edges and Bounded Coraen, prl 
Thin Paper, with UluftntloDB, pp. l-zil + 884. Prloe 18a. ; 

(THE NEW "NYSTROM") 
THE MECHANICAL ENGINEErS RErEREI 

A Handbook of TabUB, FormukB and Methods for En^ 
StttdenU and DraugJUamen. 

By henry HARRISON SUPLEE, B.Sc., 

" We feel sure It will be of great serrlee to mechanical engtoecw.**— 1 
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W eEKS SUITABLE F< J R M U N IC IP A L A N L» (. n ij N i Y K N Gl N EK R9 , 
ANALYSTS, AJJD OXaEKS, 

Se« ftlfo Biriet' Bygime, p. dd, ftnd Macteod'i Citlculutions, [u 110 Ooneml CnUlogue. 

Gas Manufacture (The Chemistry OO- A Handbook on the Pro- 
duction, Puriacaiion, und Testing of Ilhtmuiiitlng fia», »n4 the Assay of By«- Pro- 
ducts, By W. J. A. BcTTKEFiBLJj, M,A,. F.LC FCS. With Illuitrallonj, FoDRTH 
EumOK, lUviBed. Vol. I,, 78, Od, oeL Vol. IL, (n prtpuratuin. {S«« pttgis 77. 

Water Supply ; A Praotica) Treatue on tbe Selectioa of Sources and th« 
Distribution of Wat«r. By Efiot.MAxn E. MltflfLETUN, M.Iciit.CE., M,Injit.Mcch.E., 
F»S.I. With Nuinwrouji P)At«B and Disgrams. t^own 8vo. Si, 6d. net. [S<ie |MigB 77, 

Central Electrical Stations ; Their Design, Orgimiaation, and Maaago- 
wienL ByC. U, WoRMKrtHAJI, A.Ji.C., S1.I.C.E, Skoono EurnoN, U». n«l. IScoik 43, 

Eleetrleity Control. By Leonard Andrew's, A.M.Iust.C.E., MJ.E.E. 

12a. (ki. not. iSee page 48l 

Eleetrleity Meters* By Hbnrt G, Solomon, A,M.InsLE.£. 16b. 

net, fS&e page 49. 

Trades* Waste : Ita TreatniGnt aod UtiUiiAtioD, with Special Keferenoe 
to the Prevention of ElverB' Pollution. Bj W. Navlou, F.C.8., A.M.Inat.C,E. 
With Nuxueroua Plates, DlagrramB, and lllnatrationi. 21a. net. [See page 76. 

Calcareous Cements : Their Nature, Preparation, and UueB. With 
•ome R^marka ttpon Cement Testinc. By Gilbert EkdoraW, AaaocIntt.C.E., 
ami COAS. 8PA0&MAN, F.C.9. With llJQJtratlDns, Auajytical Data, and Appendk'et 
on Cofltji, &c. loa, net. [See pn^e 76. 

Road Making and Maintenance : A Practical Treatise for Knmneera, 
dorveyorv, and oth«». With an Hiilorical Sketch of Ancient and Modem Prii£lioe. 
By Thosias AlTKSN, Aa«oc.iLln»t.C\E,, M. Assoc. Mutticipal and Connty Engn.; 
M. San. liiBt. Second EinXioN, Reviited. Fully Illmtrnted. [See pau^e 79. 

light Hallways at Home and Abroad. By Whj.iam Henry Colk, 

M.1n3tX\E,, late Deputy Mnnnger, Ncjrth Westeru Railway, India. Ltttge 8vo, 
Uaiidiome Cloth, Plates and llltiatratkiDs. Ifle. Idee pogs 50. 

Practical Sanitation : A Handbook for Sanitary Inspectors and othen 
Intereated in Sanitation. By Qfio. ExiP, M.D., D.P.H., Mt^dtcai Officer. StsffordBbka 
Goimt^ Council. With Appendix (ra-vrrltt«o) an Sanitary Law, ljy HeFb«rt Maiil«j, 
M.A., M,B., D.P.fl., Biuriaterat-Law, TRIETEEfTS ELiflOM, Thoroughly Boviaed. 
t^t. {See page 7S. 

Sanitary Enarineering : A Practical Maoual of Town Bmnai^ and 
Sewage; and Refuse Dinp^^mal. By Fkanci8 Wood, A,M«InstX\S., F.G.S. SBOOSri» 
El' IT J ojf, Revised. Fully Illustrated, gs, (M. net. tS^P*g«^^ 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemista, 
and Analy«ta. By H. Droop Ri<7hmo?ip, FA.C, CheoiLKt to the Ajrlasbttry Daily 
Company. With Tahlee, II lustrations, &c. Qatidsome Cloth, IQa, {^e page 7^ 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 
F.IC. f^lly lilnatrat^d. Cloth. 2s. 6d. net. [8ee page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Faraiinff, 
The Diseases of i; "tittle, und on tht^ IIVKieiie aH<i Control of Biipptles. By Ei>WarD r. 
WiLLOUGUHt, M- D. (Lond ), D.P.IL (Load, and Carab.), 6s. net. [See page 78. 

Flesh Foods: With Methods for their Chemical, Microscopical , and 
Bacteriological Examination. A Handbook for Medical Men, Inapectora, Analysts, 
and others. By C, AlMSWCtRTB Mttchkll, B.A-, F.LC, Medn. Council Soc of Public 
Analysts. With nmneroua Illuitratiotu and a coloured Plate. 10a. 6d. (See page 74. 

Foods: Their Composition and Analvas. By A. Wyxtrr Blyth, 

M.R-CS., F.C.8., Public Auaiyat for Uit? Comity of Uevoo, and M. W Bltth, 
B.A,, B.&c. \^ith Tablus, Folding Plate* and Vvoialapiece. ftt^H Ei^mow, 
Thoroughly Revised, 2U, ISee page 71. 
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In Large Sva Profnsely Illiutrated. 88. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE BICHHORN, ?h.D. 

Contents.— OsdllatioDB.— Closed Oscillation Sjrstems.— Open Oscillation 
SvBtems.— Coupled Systems.— The Coupling Compensating the Aerial Wire.— 
Hie Receiver. — Comparative Measurement in the Sender.— Theoretical Results 
and Calculations in respect of Sender and Receiver.— Closely-Coupled Sender 
and Receiver. — Loose-Coupled Sender and Receiver.— Principal Formuls.- 
The Ondameter.— Working a Wireless Telegraph Station. — Modem Apparatus 
and Methods of Working.— Conclusion.— Bibliography.— Index. 

"Well written . . . and combineB with a good deal of description a careful 
investigation of the fundamental theoretical phenomena, "—ifaetiiv. 



Large 8vo, Handsome Cloth, with 384 Pages and 307 lUuBtrations. 

168. net. 

ELECTRICITY METERS, 

By henry G. SOLOMON, A.M.Inst.E.E. 

Contents.- Introductory.— General Principles of Continuous -Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Einergy Motor 
Meters.— Different Types.— Speoal Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meten.— General Principles of Single- and Polyphase Liduc- 
tion Meters.— Single -phase Induction Meters. — Polyphase Meters.- Tariff 
SvRtems.— Prepayment Meters.- Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design.— Testing Meters.— Index. 

" An earnest and stiooeBBfal attempt to deal comprehensively with modem methods of 
meaauring oorrent or power in eleotrical instaUations.**— iffM^iMsHw^. 

''Trustworthy information. . . . We ean confidently recommend the book to etery 
eleotrical engineer."- Electricity, 



Second Edition, Cloth, Ss. 6d. Leather, for the Pocket, Ss. 6d. 

OBIFFIN'S ELEOTRIOAIi PBIOB-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, RaUway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Slbctrical Pricb-Book kbmovbs all mvstbky aboat the coct of Klectxical 
Power. By iu aid the bxpbmss that will be entailed by utilisinff electricity on a large or 
imall Kale can be diacoYered."— >(^>lt^/. 



ELECTRIC SMELTING AND REFINING. By Dr. W. Bobohbbs 
and W. G. McMillan. Seoono Edition, Revised and Enlarged. 
2l8. net. [See page 67. 

ELECTRO " METALLURGY, A Treatise on. By Walter G. 
McMillan, F.I.G., F.C.S. Second Edition, ReYised and in 
Part Re- Written. lOs. 6d. [See page 67. 

ELECTRICAL PRACTICE IN COLUERIES. By D. Burns, M.E., 
M.In8t.M.E. Second Edition, Revised and greatly Enlarged. 
78. 6d. net. [See page 56. 
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Fraetiecd Hand-Booka far the Use of Froepeeiars^ . 
SeUlere, CohnUU^ and all Interested in the op 

up and Development of New Lands. 
Editbd bt GRENVILLE A. J. COLE, M.R.LA., F 
PioteHor of Geology in the Eoyal CoUege of Science for Ireland, and I 
the UnlTeraity of London. 



In Orown 8«o. Handwme Cloth, 6«. 
With NwMTous Mope Specially Drawn and Executed for 

NEW LANDf 

THEIB BESOUBOES AND FBOSFI 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F. 

"A want admirably rapplied. . . . Has the adtantage of being wr) 
feteed Qeographer."— ti^eopr^pAieo/ J^umol. 



With maay EngravingB and Photographs. Handaome Olot 

FOOD STJPPI 

By ROBERT BRUOE, 

AgricnHnral SopeilnteBdent to the Boyal DubUn Bodety. 

With Appendix on Preserved Foods by G. A. Mitohxll^ ] 

" The work ia one which will appeal to thoee intendina to become fai 
or in the Oolonies, and who deaire to obtain a general idea of the tra* 
fanning hi aia hb beaitchib."— Journal <if tJbe RoyiA OoUmial IntL 



FouBTH Edition, Revieed. With Illustrations. Hcmdeom 

PROSPECTING FOR. MINEI 

A Praotioal Handbook for Prospeotors, Explorers, 8eWei 
Interested in the Opening up and Development of Mew 

By 8. HERBERT GOX, A88OC.R.S.M., M.Inst.M.M., 
Professor of M hiing at the Boyal School of Mines. 

Gbnkral Contents. —Introdnotion and Hints on G^logy— Th 
tion of Minends : Use of the Blow-pipe, fta— Bock-fonning l^finei 
MetaUic Minerals of Commercial Value : Rock Salt, Bonu^ Ma 
graphic Stone, Quarts and Opal^ Ac, ftc. — PrecioTis Stones and Qea 
Deposits: Coal and Ores— Idmeral Veins and Lodes — Irregola 
Ihrnamics of Lodes: Faults, fta— Alluvial Depodts— NoUe M 
Platinum, Silver, &a— Lead— Mercury— Copper— Tin— Zinc— 1 
Ac — SulMiur, Antimony, Arsenic, &a — Combustible Minera]»- 
Gkoieral Hints on Prospecting'— Glossary — ^Index. 

"This ADm&ABLl UXTLB WORK . . . written with edSHTmO A 

OUAB and Luom style. ... An mpOBTANT ADDmoN to tedonlotl Ut 
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SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S. 

Sixth Edition. With Frontispiece and 716 Illustrations. Price 348. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATB PROrSsHOR OP MINmC ROYAL COU.BGB OF SCIKIVCB. 

Revised, and brought up-to-date 
By BENNETT H. BROUGH, RG.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mod* of Oeeiirrenee of Hinei*als.— Ppospeetlnff. ^Bortnff . 
— Bpeaklncr Ground.— Supportlnff Excavations.— Bxploltafion.— Haulage or 
Tpanspopt.— Hoisting or winding. — Dr&lnafre . — Ventilation. — Ugfatfnfir.— 
I>e8eent and Aseent.— Dressing— PrineIplesoiSmpk>yment of MlnliifirLabeap* 
—Legislation affeetlng Mines and Quarries. — Condition of the Wner.— 
Aeeldents. —Index. 

" We have seldom had the pleasure to review a work so thorough and complete as 
the present one. Both in manner and in matter it is FAR BUPERIOB to ARTTHlHa ON 

US SPEOIAL SUBJECT HITHKRTO PUBLISHBD IN ENGLAND."— ^tAeTUVUW. 

" Not only Is this work the acknowledged text-book on metal mining in Great Britain 
and the Colonies, but that it Lb so regarded in the United States of America is evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country."— rAe Timet. 



In Crown 8vo. Handsome Cloth. With nearly 300 lUustratioaB, many of 
them being full page reproductions of views of great interest. Price Ts. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An introduotory Text-Book for Mining Students, 
By Sir C. LE NEVE FOSTER, D.Sc., F.RS., 

Professor of Minlog at the Royal College of Science, London, with which is Incorporated 
the Royal Sohool of Mines ; lately one of H.M. Inspectors of Mines. 

General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
specting. — Boring.— Breaking Ground.— Supporting Excavations. — Exploilja- 
tion.— Haulage or Transport — Hoistingor Winding.— Drainage.— Ventilation. 
— Lighting. — Descent and Ascent. — Dressing, &c — Index. 

** A remarkably clear survey of tlie whole Held of mining o'pent,ioiM."SngiiMer. 

" Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book." — Mining Journal. 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nature, Significance, and Practical 

tiethode of Measurement of the impurities met with in the 

Air of Coiiieries and Metalliferous Mines. 

edited by 

Sir CLEMENT LE NEVE FOSTER, D.Sc., F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

" We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus." — Colliery GuardiaK. 

LONDON : CHARliS GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 



FtfTK Edition, Kevised and Greatly Enlarged. With 4 PUteii axid 
690 lUuatTatiooa. Price 24». net. 

A TEXT-BOOK OF COAL-MINING: 

FOB THE USE Of COLLIERY MAUAOERS AND OTHERS 
EmAQED IH COAl-MtmHO. 

By HERBERT WILLIAM HUGHES, F.G.S.. 

\taoc. Royal ecLoul uf Jtiaei, fiaoermt M*unirer of ^unitwull t'nrk CoHler;. 

General Contrnth.— Geology— Search for Gottl— Breaking Ground.— 
Sinking,— Preliminary Operatjons. — Method« of WorkiDg. — Haulftge.— 
Winding. —Puropini?,— Veotilation.— Lighting. —Works tkt Stirfaoe.— Fre- 
pArfttion of Coul for Market,— Indrk. 

■*Qnlt<*riiB DiaT iJ*'OEof tt*kiD(l , , . m peaotioal In *lia m * Uiok run be . . . Tha 

"We cortUalLy regoram^Dcl the wofk^'—CollUrv Omrdian^ 

** WW aooa wnneto be wf«rded«* the stawdaW) wobi of lU kind/' -Birminffham DaUif Oaatttt. 



FotTRTH Edition, Thoroughly Revised And Greatly Knlarged. R«-«et 
throughout Large Crown 8vo. Handsome Cloth, 12«. 6d 

PRACTICAL COAL-MINING: 

L MANUAL FOR MANAGERS, TJNDER-MANAGER8, 

OOLLLERY ENGIKEHRa, AND OTHERS. 

With Worked-out FroU^ms on UmiloQe^ Pumping^ Ventilation, *fec. 

By GEORGE L. KERR, M.E., MJnst.M^E. 

Contents, —The Soiircea and Nature of Coal— The Search for CoaL— 
Sinking.— Eicploaivea.—M ec3 ban ical Wed|?e«,— Rock Drilia and Ooal-cutfcin| 
Machines.— Cfeftl-cuttinc by Machinery.— Tran a misaiou of Power.— Modes ol 
Working.— Timbering Roadways.- \vinding Coal.— Haulage-— Pumping, — 
Ventilatioo.— Safety Lamps.— Surface Arrangementa^ Surveying* I>evelhng, 
to. 

**Aa Bi8ivTiALi.t riucTiCAL woac* and can be conNdrBUtlj raoonnmetided. SiTo depArtm«nt 
of Obal-Hlniug hM b«eo nvorlookud.'''— Jflnglatirir OaaHt*. 



In Crown 8vo. Handaomo Cloth, With 200 Illustrations. 3i. ftd. 

ELEMENTARY COAL-MINING: 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inbt.M.E. 

CoNTBNTS.— Souroes and Nature of CoaL— Exploration and Boring for 
OoaL— Breaking Ground.— Exploaive*, Blaating, &c.— Sinking and Fitting 
of Shaft*. — Modes of Working.— Timbering RoadwayB.— Winding and 
Drawing.— Haulage, — Pumping and Drainage— Ventilation.— Cleaning and 
Sorting CoaL— Surveying, Ac. 

"' Ad almiid»QC« of iDrormAtloQ conrwyed En ft jjopulur juit^ ftttr»*A\f » Jotm. . . . WUl b* 
of ftmb UM bo All who Are lu vaj w»r lotorMt^d la <sj*l mining '•—Scottiaa Wttw, _ 

lOHDON: CHARLES GfttFFIN ft CO.. LIMITED. ^ij;^t^ W^tCT.^WM 



In Crowii 8vo, Haudsonie Cloth. 86. 6(L net. 

MINING LAW OF THE BRITISH EMPIRE. 

By CHAKLK9 J. ALFORD, KG.S., MJubLIVLM. 

CoNTKNT8»— The Principles of Mining Law, — The Mining Law of Groftt 
Britain.— Britia fa Tndi;i.— Ceylon.— Burma.— The Malay Pemnsula'— Britiah 
North Borneo,— Egypt.— Cyprus. -The Dominion of Canada, — Briiieb 
GuiiiQa — Tlie Gold Coast Colony and Asbaiiti,— Cai>e of GcK>d Hope. — 
Natal. — OraDge River Colouv* — TransTaal Colony. — Bbodetifw — The 
Common wealtn of Australift.— Aew Zealand, &c.— Indkx. 

* Should be spectolly uwful to all tboae euK:aued In thu direction of mining enier- 
piitet." — Finaneiai Timu, 

" C'tuQot fail to b« ueef al ... we cordially recommend th« hookJ^'^Mining World 



In Lttrge 8fo. FouETH Edition. Price lOa, 6d. 

Mine Accounts and Mining Bool('Keeping. 

For Students, Manag-ers, Secretaries, and others. 
With Bxampha taken from Actual Practice of Leading Companiea, 

Bsr JAMES OUNSON LAWN, A.R.S.M., A,M.la«t.O.K, F.G.S., 

Head of ihe Mining Iiepartmeut, Camborne Scljiool iif Mines. 
Edite© by Bra C. LE NEVE FOSTER, D.Sc, F.KS. 

CoKTEKis.— Introduction.— Pabt L En gagemknt and Payment op Wohk- 
Miy,-;EngAgement of Workoieu and Period between Pav Days. — Data 
determiiiing GrooB Amount due to Men.— Deductions, —Pay Siieeto, Due Bills. 
—Pay Ticket*, Fart IL Hurcilvses and 8ali8,— PuruhaBc and Distribution 
of Storai. — Sales of Product Part III. Workiho SuuMAniss and Analtbib, 
— Summaries of Minerals Eaiaed, Dresned, and Sold, and of Labour. — AnalyBea 
of Costs,— Accounts forwarded ttj Hea-l Otficts. PAHT IV. LxDOKE, Balanc^k- 
Shkbt, AiiD Company Bcm)ks.— Htad Office Bi>okii,— RedemptSon of CapitaL 
— Greneml Corwiderationa and Compani^J* Books. Part V, Rei>obth aJTD 
STATisTica. -Reports of Workings and Machinery of Mining Compaaifis. — 
Mining Statistics. — BiuLiooRAFifY.— Index, 

"It aeeuu iMPouiBXA to nigg«st bow Hr Laww*s book otndd b» made mcxre oomflktb or 
moro VALVXnuL, careMI, and eshuLBllrc.'"^AccinaUa9U$* Jiafiattnt. 



Sbcond Ebition. In Pooket Size, Strongly Botind in Lestbcr, 3b, 6d. 
Provided with Detachable Blank Pagea for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MININC REPORTS. 

By EDWIN R. FIELD, M.Inst.M.M. 

With Notes on the Valuation of Property, and Tabutating BeportBt 

Useful Tables, and Examples of Ca/cwfations, dc. 
"An ADMULABLY GompUed book which Mining Eiv.Jrte«r* »w^ lAanag^eim wUl tlnd 
EtTRlMELT VBMrvu"— Mining JourruU. ^%^^ 
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In Mediam 8yo, Handsome Cloth. With 18 FigoreB in the Text» 
and 19 Folding Plates. 10s. 6d. net. 

SHAFT-SINKING 

IN DiFFicui^rr cjrlse:s. 

By J. RIEMER, 

Translated fbom the German 

J. W. BROUGH, A.M.IN8T.C.E. 

Contents.— Shaft Sinking by Hand.— Shaft Sinking by Bonne.— The 
Freezing Method.— The Sinking Drnm Process. ^Biblioorapht.— Index. 

"The translator deserves the thanks of the mining community for placing thi» 
Taloable work before them. . . . The work is one which every mining engineer 
should include in his library."— Jfinifv World. 



Second Bdition, Revised* In Larse 8to, with Nnmerous Illastrations 
and Folding Pb.tes. lOs. 6d. 

BLASTING: 

AND THE USE OF EXPLOSIVES. 

By OSOAR GUTTM:A.NN, M.INST.O.E., F.I.C., F.C.S. 

Contents. — Historioal Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blasting Materials. — Preparation 
of Blasts. — Chamber Mines. —Charging of Boreholes. — Determination of 
Charge. — Blasting in Boreholes.— Firing.— Results of Working. — Various 
Blasting Operations. — Index. 

" Should prove a vade-mecum to Mining Engineers and all engaged in practical work. 
-^M» and Coal Trades Review. 



In Medium 8vo, Cloth. With many Illustrations in the Text. 
Four Full Page Plates and Four folding Tables. 6s. net 

NEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated fbom the German and Edited 

By AXEL LARSEN, M.In8t.C.E. 

Contents. — Introductory. — HistoricaL — Testing Stations. — Power 
Ganges. — Products of Combustion. — Rate of Detonation. — Length and 
Duration of Flame. — After- Flame Ratio. — Transmission of Explosion. — 
Conclusions. — Efficiency. 

"Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of five times its size."— iimw and BxphsivM. 

U)NDON: CHARLES GRIFFIN i GO.. LIMITED. EXETER STREET.. &TRANa ~ 



><■/ wt-tfrKi, 



CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on th© Cyanide Process ; its Application, 

Methods of Workings Design and Construction of 

Plant, and Costs. 

By H, FOKBES JULIAN, 

HlniDKKDd HeUlluirlcAt Bngtuecr: Sn^irlallst In fSotd : L*te Ttfcbnleal Adviier of the 
D«QUche Gold uodtitlbcrscheide AniUlt, Prftakfort-on-lfiiLBe. 

And EDGAR SMART, A.MJ.O.K, 

Civtl and MctAMririiri(^l Kngineer. 

** A baiid«ome volume of 400 pa^es which will b« & mluable book of refer«nc« for alt 
««iocl&ted with the proc^w.''— Mining Journal. 

*' The AUthorB are lo bv congTatulatAKl upon the pirodtictlcm of what ahoald prove to be 
• BlMidaM work."— Poj^e'tf Mngctritu, 



In Large Crown Svo. With 13 Fiatei and many lUuttrationt in the Text. 
Handsome Cloth, la. 6<i, 7ie/. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Meta/iurgists and Students at 
Stjhoois of MineSt do. 

By JAMES PARK, RG.S., M.lNaT.M.M., 

ProfisBaor of Minine and Director of the Otago Unlveniity ScIkio] of Mlnea; Ute Dtreolor 

Thames School of Mines, and O«ologioal dun^cyor and Mtiilng Oeotoglit 

to the Qovernmenat of New Zealand. 

Fourth EnolisE EDpnoy. Thoroughly Reviaed aod Gre^itly Enlarged. 
With additional details oonceming the Siement-Halske and other 
reoent proceasea. 
** Deiervee to be ranked as amongst the BiST OF lUCiSTiiro TaVATtSW. "— i/<nifV Jotumal, 



Tbibd Edition, Revifl«d, With Plates atid IlluAtralionB, ClotK 3«. 6d* 

GETTING GOLD: 

A QOLD-MINING HANDBOOK FOR PRACTICAL MSN. 
By J. 0. F. JOHNSON, F.aS,, AJ.M.E., 

Life Member Atiitnitasiaii MIoe-MaiiaKers' ABsocLa.ttcD. 
General Contknts.— Introduct<>iy : Prtigpecting (Alluvial and General)— 
Lode or Reef Proe^cting— Geneaioktgy of t mbi— AurLfer«ju>* Lodes — Drifts — 
Oold Extraction—Lmv-iatifiii^Caldiiatioii— Motor Pnwer aoad ita TransniianoD 
—Company Form atiou — Mining Appliances and Methods — Anatralaaian 
Mining Ri^Brulation^. 

'^PmicnCAL from beginning to end . , . deals thorouff lily with the Proapeoilng, 
Sinking^ Crushing, and Sxtractlonof gold."*— .firil. Auttratat^an. 



In Crown Hrc. i UxtHtrattd. Fancij Cloth Boards, As, 6ti. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for intending Explorers, Prospectors. 

and Settlers. 

By THEO KASSNER, 

MkD«> MAiiAKiT, AuUiot rrf lUc Geotofflr.ij Sketch Ma^i of i^« D« Kh&p Oold ¥ka<U. 

With a Chapter on the Agrhutturat PrQ^pecta o/ South 4/nca. 

**Aa ffcHclD&tlng HB anything ever penned by Jti lt^^ -y »t ^V — A.fr4ean Comtw^rct. 

UNDON : CHARLES GRIFFIN ft CO., LIMITt|^ ^^ V,\\\^. S^^W^ 



1 Hf 'x^^viro v^ox^unsEia. 

A r R B A r fS£ ON 

:pet:r.oxiETJ3^ 



By sir BOVE 

D.8<x. P.as.E., 
CoSTEWT**.— SKOTION Lt Hbtorlcal A^: 
Geotoidcal Au<i <i<»oKrftphical TJiittribiitJoii 
The CnemlcRl and Phviiail PT'ipinies > 
The Origin •■' p-'-,k.,.M, ,.,,.i \..t,.,-.At: 
Nttt anil Oil 
The ShaJe i ^ 

Uibutlun oi 1 L 

fib&le OU Protiui 
Ita Pruilucta.— 8k 
the Testing- ^' 

— BJBLltKJIi 

"It IB in 

Wie Oi: 



RTON REDWOOD, 

Aji»i»c.lNirr.O.E, F.LO. 

-i..«.f ,.r rii.. p,.t,^,«-..i,r, TTiduitry- "SECTION II.: 

1 1 Qua.— SECTION 11 L: 

I I Gois. -.mectton IV.: 

. . * ..^ 1 . cfMjuction o£ Petroletimv 

mK oi K'trokani— SfXTlON VIL: 

Tlie TruDuprji-t, Storace, ftiiJ Dl«- 

i-'rudtj Pet role I im, P*?troieuin and 

1 X. : Hie Uie» of Petrolonm aad 

Vifl uther Ile}^ulutlons relating U> 

a ic L -u lifii ftnd its Products.— API'KMIUCES. 

ivo tkud co[n|>let« tri<<tit]»e on p«ircili^am, AOd thl* 
r the ladiifttry & t*at of lt» mvrlta 1* iiiAd*. Il I* 
ijuui a c]nu- nnd rvliabb uutUQo of t)i« jjcrowlh uiet 
f world. . . , There la a wauiderriUlj cooipleie 
Hm WorM. 



Second Edition^ Revised. With liltatratums. Price Ha. fkL net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those enfiraged In the Storage, Transport, Distribution, and Industrial 

Use of Petroloum and Its Products, and of Calcium Carbide. With 

sug^g:estion5 on the Construe tton and Use of Mineral Oil Lanaps. 

By captain J. H. THOMSON, 

ILM. Chli*r Inff^rctor of Eiplonivea, 

And sir BOVERTON REDWOOD, 

Author of '*A Trvftti*«> on Pctivik'niD** 
** A Tolnxna that will «nrlch Lhe world'i pctroletim Utfliniurr, and render ft Mrrlee to the 
BrltUh br&nch of the tuduntrjr. . . . Bellable, IndljpeDMbk, « brill Umt ODniribuiioD."— 

In Crown 8vo. Fully Ulnatrated. 28. 6d. net. 

THE LABORATORY BOOK Of MINERAL OIL TESTINC. 

By J, A. HICKS, 

ChemUt U> BIr Boverioa Redwood 

< BhouJd b« ca tbn almlvra of every »ii«lytic&l etaemUt In practicek '^Chrmieal Trade •^OMmaL 

Iq Lu^e Crown dvo, Cloth. Fully Illnfltrated 56. net. 

OIL F' U E L: 

ITS SUPPLY, COMPOSITION, AND APPLICATION, 
By SIDNEY H. NORTH, 

LATS iniTOR OP THE '*PieTfinLirUM REVIRW/* 

009TCNT&— ^The Sources of Supyly.— F '^apect of Lliiuld Kucl— Chemical 

Gonmoiltioti of Fuel Oils.— CQuditloiis ' ti In Oil Fiioi FuniAces,— Early 

MetROditAd Biperlmerit*.— Modtrn Biiu. i ihcKia.— Oil Fiiel for M&rlne Pur* 

poMB.— For Nftval FurpoMa.-H3n LocomottvtK — i- ,.r .Metallurgical and otl^er Purpo«<». 
— ApDCodtceft. — IKDEX. 

♦'Everyone Int^rotted in thia Important qnettion will welconio Mr. North's excellent 
text-booic.'^— JVffturef. 

THE PETROLiEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffitj Lam\>, By Capt, J. H. 
Thomson and Sir liovERToN Redwood, ^n^^trated, U. net. 

"A Work wblch will meet every purijose for wbloh It ha^ K*»ei> wT^U«ii."—PetroUuin. 
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OEIFFIIT'S METALIiTJBGICAL SEHIES. 



Fifth Edition, thoroughly Rcviied and considerably Enlarged. Large 

8vo, with numerous lUiistrations and Micro- Photographic 

Plates of different vanetiea of Steel, i8s. 

All Introduction to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K,C.B.. D.CL,, RR,S., A^R.S.M., 

LAte Chemiit aad Assayer of tiie Royal Mint, aj>d FrorcMor of Meullurgy 
in the Royal Col lege of Scieoce. 

GsHiRAi. CoNTiWTS.— The Relauoo of Metallurgy to ChemifJr|r.— Phvrical P»opert«i 
of Metal*. -AUoys. The Tliennal Treatment of Metals.-Fuel aiid Thermal Me asorement*. 
—Materials and Products oi Metalliirjical Proceises.— Fiim aces.— Mean* of Supplying Air 
to Funiaces.— Thermo ChcRiUtry,— Typical Metallurgical Pjroce»Mrs,— The Micro-bLnicturt 
ofMetaU and Alloys.—- Economic Consicleratlon&. 

•' No English text-book at all approachea this in the completkness with 
wWch the most modem views oo the subject are dealt with. Professor Austen'f 
TOliUDt will be INVALUABLE, tiot only to the student, but also to those whose 
knowledge of the art is far advunoed,'*—CkemicaJ News. 



Fifth Emtion» R«viaed, Conaiderably Enlarged, and In part R^-written, 

With FrontiBpieoo and numeroua Illuat ration** 21 «. 

THE METALLURGY OF GOLD. 



T. KIKKE ROSE, D.Sc.Lond., Assoo.RS.M., 

Chemuii and Astautr nf the Royai Mink 
OtiriaAi CowTlWTB.-The Prop^rtiea of GtM and il* AJJo«.-Chem»jtry ol the 
Conipoiind* of Gold.- Mode of Occorrudce ami DUtiibutjgu of ^'<2<^;7??*1^^*' ^'J^*' 
I>epoiiiU. -Deep Placer DflpoRltSv-Qtiarti: Crufchuig in the Stamp Battjo-Amalgwrn' 
atlSn in the Stamp BEtt^ry.-Other Farm, of Cn.«hin.: ku.1 Amalgamatiii^ Machin^^^^^^ 
-Concentration iiJ Gold Mllln.-Dry Crualilng, r^"^^"^ ~ tk?^ v.n^^^ 

The Phittner Prwees, The Barrel Proceia, l! ton Proce«..-The tjanWe 

Pr4«a^Ch^«ii«try of Uie Cyanide Procesa.^i..: "^'^l ^'«i^Se^L^£y ^Sl ?£* 

-Away of Gold Oroa.-Awij of Gold BnUitw.-iiUtiBticaof Gold ProdncUon.-Blbiio- 
graphy-— IKDKX. 
" A coio^KUEjisrnt nuciTOALTaaATisB on thl» important »,obiflC5i.*' - Tht Timu. 
»Tha uost oonpuiTi dotonptlon of the onLoaiWAHon p»o<:«»* whUih him yet be«n pob- 

"Adapted for all who are Inlere-^ied in the Gold Mlnla,e 11^^^'''^^'^^ enl^Jfed^ln S; 
oleaUOes ai Ut *« potstbJe. hut l» more particularly ^. ^\i^e w tti«w 6iig»g«<» i" 
Indoatry/ — CVipr Tttnu. __ __ 



LONDON: CHARLES GRIFFIN ft CO., LIMITED, ^<t,'\t^ 
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Third Edition* Reviaod. With Niitneroti* lUiuitratioiia, Large 8vo. 
HandBome Cloth, 256. nuL 

With Additional Chapter on The Electric Smelting of SteeL 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, A.ssoc.R.S.M., F.LC, 

Oonsydting Metailurawt and AnalyiicoJ, ChemUt to the Imtian Oovemmtnii 
Boyai Indian Engineering ColUge, Ooopera HilL 

With 37 Pl&befl, 2^ lUustntiona in the Text, ami oe&rly 100 Micro- 
Sections of St«el, and a Section on 

TffB MECHANICAL TREATMENT OF STSBL. 

By J. W. HALL, A.MJwsT.aE, 

ABKiiK}£t) (.'OMTMjn^^TlLe Pl*ut« MbabintirY, Methods and CbernlAtrr of tfa« fiesMtner 
»iid of t&t; 0D9I1 lisftrth ProcoiMt (A(?id jiod BfiHic>.— Tbo xNft^cti&uio&l Tran-tmaat of Steel 
oomprisiDg MiJI PriK3t{c«, Pknt atid HAohinenr — Thi^ luflnonce of Meiallolds, HMt 
TraadneoW Speotil Steels, Microatracture, TA»tlng, and SpoolcteiLtloafl. 

**A work which we venture to romiucvd m an InT&tiUbble corapondlfim of laroraiftlloii upon 
tlu mettJliirf7 or •Eeel.'"— iron and Coal TtkuUm Reeitw. 

Tbe SHgin«*r tmyt, at the eoocluiloD of & rerlew of this tiook :— " We amnqt eondttde witbont 
ienieetlT reeomtneiidlcig ell who mnj bo intetaetvd ft» meken or n§eni of lieel.' which i>nclloelljr 
meiDi the whole of the «n«itieerlDtr pmt<e»»\QD, to maku tbeniMlVM ecquiiUiite^l with It e« apeedltjr 
M j»04«tbl«, »ad thU mey be the more eoiUf done ee the pubUihed prices eonetdering tne ilce 
of thft hook, J« extrvniely modenil*." 



Thibd Edition, Revised, Shortly. 

THE METALLURGY OF IRON. 

By THOMAS TURNER. Assoc. R.S.M., F.LG. 

Brofenor of Metailttrgp in ike Umvernty of Birmingham, 
Im Laugb Syo, Handsome Cloth, With Nctmebous iLLUsT&ATioNa 

(MAJfT FBOM PUOTOO rapes). 

Qeturai ConUntt. — Eerly HJiiiory of Iron.— Modern Hiatory of Iron,— Tho Ago of Steel. 
— Ohiel Iroo Ores.— Prep*rktlou of Iran Ores —Tbo Blast Fofnacse.— The Air ased in the 
Blttiit Ptira'iice.— RotLctiaoH of the Blaat Fura&ce— The Fael used la the Bliiat Faro&eo.— 
BU^s fttiil Faxen of Iran Smelting.— Properties of Oiist tron.— Fouiid]7 EVmctiice,— Wrought 
Iron. ^ImlJ reel Production of Wrought Iron.— The Puddiioe Prooftse. — Further Trefttznent 
of Wrotyfht Iron, —Corrosion of Iron and Steel, 

*' A Moex YALI7ABLK BtJioiAJiT of knowledge Mating to everf method nad otAge 
in th« mftOQ^ietoie of caAt and wronght iron . . . rich In chemical details. , . , 
ExHAtTBTTVH and THOBODOHLT tTF-TO-uATE/'— BuWWiii of the Amerifxin Iron 
and SUel Attociatum. 

^* Thia La a oxXiiGHTFUL book, f^irinf;, lut it doe«, reliable information on a subjeot 
beooming every day more elaborate."— Co^fiier^ Guardiaiu 

"A THOBouoHLT otisrta Boott, which hrin^ the subject trr to datr. Or 
OREAT TALua to thofle engaged in the u^n induatry.*'— Min»«i? Journals 



•»• For Profoflsor Ttimer's Lecturer mt //y>tj.|;*ounding, we pag« 68, 



lONDON: CHARLES GRIFFIH d^ CO., LIMITEQ^ c%£-;%^ ^T^IH, ^lM»a. 



Costs, &c. Price 10s, 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the ApplicatioQ of Electrolyiis to the PUting, Depositing, 

Smelting, and RefLning of v&rioiiE Met&le, and to the Repro* 

duotiou of Printing Sur&oe« and Art-Work, &Ct 

BY 

WALTER G. MCMILLAN, FJ.a, F.aS., 

Steretary to the inttUuticn of EtectriaU Sn^nten i late Lectwrtr in MttaUwffy 
at Maton CoUeg^t ffirminfjhatn. 

With nnmerom IlluBtrationB. Large Crown 8vo. Cloth. 

"Thifl excellent treatiee, . . , <Hi© of the best and most ooitflkt* 
oiaonab hitherto publuhed on £2ectro-MetaIlnrgy/' — Ehctrhcal Bevkw. 

** ThLa work will be a stanbard. "—JetoeUer. 

**Any metallurgical prooeaa which REDucxa the cost of prodisctioti 
must of necessity prove of great cowmeroLal importance, . . . We 
recommend thu manual to all who are intereated in the pbactical 
APFUOATION of ©botrolytio proceaaea,** — Nature. 



Sbookd Edition, Thoroughly Heviaed and Enlarged. In large Svo» 
With Numerous lUustratioDa and Three Folding-Platea, 21 e, net, 

ElECTEIO SMEITIITfr & REFIUIM: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the **Elkkteo-Metallub.gi« *' of Db. W, BORCHERS* 

Tramlated from the Latest German Edition by WALTER G. M'MILLAN» 

FI.C. F.C.6, 

CONTENTS. 

^ Pakt L — Alkalies akd Alkalins Earth Mstals : Ma^esium, 
lithium, Beryllium, Sodium, Potaaeium, Calcium, Strontium, Barinm^ 
tbe Carbidea of the Alkaline Earth Metala. 

Part II. — Tuh Eabtb Metals: Alumintmn, Cerium^ Lanth&nnm, 
Didymium. 

Part IQ.— The Heavy Metals: Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
TungsteD, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" COUFRXHElfflrVlE Uld AtTTHORJTATTVS . . , QOt OOly FULL Of VALUABLE ntTOm- 

MATlOE, but gives evidence of & thorouoh msiOHT Into the teohutcal value and 
POSSIBILITIES of all tbe methods di^casaed."— rA« EUctridan. 

" Dr. BOROaEBS' WEtL-KjIOWfl WORE . . , lDU»t Of FECESSITT BE AOqUIBED by 

flvery one lotereited In tbe iuhjcct. Bxcellbittlt ^^i \sXa Ec^Wth wWb. addiUooal 
matter by Mr. M'MlLLAB /'— JVoture. 
** Will be of OBKAl 8ERVI0K tothe pructlcal man m<^ . gfttuAent."— BUetric »in*W<nj* 

UMJDON : CHARLES GRIFRU A CO., llMITED7^;:^tV^ W^^tl,%UMft. 
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AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BERTRAM BLOUNT, F,I,0., & A, G, BLOXAM, F.LO. 

CHEMISTRY OF ENGlNEERi:SG, BFILDING, AND 
METALLURGY. 

Ocneral Co»^^«i:^.—INTBODC7CnO If —Chemistry of t2&6 CliUf Matertalt 
af Constractlon^Souroes of Energy— Ghdinlfltry of fiteam-rftlslng—Oliemli^ 
try of Lubrication &nd LubricantB— HetaUmiioal FrooeasoB uMd In the 
WUmlng and Manufactare of Metals. 

Second Edition. Thoroughly Revised. lUoetrated. 16e, 

THE CHEMISTRY OF MANUFACTURING 
PROCESSES. 

Qvneral CTcmtento.— Snlplmrlc AcidManitfftCtnre— AUaOl, fce.— Beetmctlve 
DlfltUlatton -Artifldal Manure— Petroleum —Lime and Cement— Clay and 
Glaaa — Sugar &nd Starch — Brewing and DietiUing — Oils, Eteelus, and 
YuiiiBheB— Soap and Candles — TertUea and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pij^ments and 
Paints — Leather. Qlue. and Slxe — EzploslTea and Matches ^ Minor 
Manufacturea 

*'Certftlaly a good uid miFCL boos, coQutltiitiDg ft p&aotioal quidi for atadeatfl by 
ftJTordin^ a ciMir ooooeptloii o# tha nojiidromi proeeuoi M a, whol^" ^^^htmicAl Trmdt 



Second Edition* In Large Sva Handsome Cloth, With 800 page* 

and 154 IDuatralions, 25s, net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc, F.R.S., 

UUfl LflGtorer crn Olcitttstry, St. MuVs MospttaJ Medical School; KKaminer 
in "Soap" to th« City and GuildJi of Loodoii Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C. F.C.S. 

"Will be foiuxi absolutkly mtmrmsi iA»i.M, *—TJIu AnaifiL 

'*WiU fmnlc u the Stakdakd Rhgvish Avthoriyv otv Oils m&d Fats for di&dy 
ftut to cotat.*'^/miu4trut Mtd/rm. 



lONDON : CHARLES GRIFFIN & CO.. UMITEQ^ ,^t^amttT,ST\*Km 



DAIRY CHEMISTRY 

FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 
having Cantrol of Dairies. 

By H. droop RICHMOND, F.I.C., 

CHEMIST TO THB AVl-ESnUXV OAIRV COW PAX V. 

Canients. — l. Introductory,— The Constituents of Milk, IT, The Analysis ot 
Milk ni. Normal Milk : its Adulterations and Alterations, and iheir Detection, 
IV Tbe Chemical Control of the Dairy, V, Biological and Sanitary Matteis. 
VI. Butter, VII. Oth*;r Milk Products. VIIL The Milk of Mammals other 
than the Cow.— Appendices. ^Tables, — Index. 

»♦ , . . In our opinion the book i* lh« liK*T comtjubutioh OK TH« SUBJ«CT that 
HAA YBT APiritARKD In the EngU&h lansuage/'— Z«ft^W. 



Fully Illa&trAt«d. With Photographs of Yariosft Breeda of CatUe, &c. 

68. nc/, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diaeaaea of Cattle, and on the 
Hygiene and Control of Supplies, 

By EDWAHB F. WILLOUGHBY, 

M.D. <LondO. B,EH. (Lond. and Cnmh.), 

'* We cordially recommend It to everyone who hiu atiyihiii!| at Jtll to do with milk."— 
Dniry World. 

In Crown 8vo, Fully Illustrated, 2s, 6d, net. 
THE LABORATORY BOOK OF 

DAIRY ANALYSIS. 

Bv H. DROOP RICHMOND, RLC, 

Analyst to the Aylcabun" Dairy Co,, Ltd, 

" Without doubt the best contnbutioD to the literature of its subject U»t ha* ever been 
wnil6n."^3ftJiciil Timn. 

At PitEfi.s. In Crown 8vo» Hand&ome Cloth, Illustrated. 

SOIIL. SACTfSRIlL. 

By JAMES CLARK, M.A., D.Sc, A.R.C.S., 

Prinoipul of the Cuiitrul Technical Schools fur ComwalJ. 

M^i "'■►?* T8.ST8. —The llk-rO'irjrKunlBnjj^ of the 8oil, their Appcamnce, Growth, Repm- 
iJuetluM. Activity aud Conriitloiis of Exifetcnc^.— Sfjil Bacteria Anii their Relations to 
<>rv.iiui M.tLter.— L)«coin|iJ.i-;it li.j, ^\^^ l*ii( r.f 4* Hon.— F<>rmtttioii and Nature of Humus; 
! u of Fiinri 'f Tilla2;e Oiwralious .ind ot Vftiioufl 

iht? l>L'L'Hii] IiUtei-fi in the Soil,— Fixatiun of Free 

iVirfM-h. ;, „ . _ .. , Ukri,... Pi'..iira. — Sitrjjj;ln.— Fixation 

— A i iiiit, — irtdatlou- — C ondlUoDS 

r the IncF' and lor Vh« Prooesi 

^^ ^^ • , ........ >vhich are ol -;. ... -'w^x^^^xc^- 

LONDON : CHARLES «RIFFiH k CO., LIMITED^fc^.rtWS^^^^■^| ^\m^^ 
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FERMENTi 

A Text-book on the OhemiBtty and Physfcs of FermBi 

bt carl OPPENHEIMEK, Pm 

Of tba FbjTHloliceicjLl Iniitltuta a( ErlLDgeti. 

Tbaitslai^d j-rom the Gasman by 
a AIKSWORTH MITCHELL, B.A., RI.C.j 
A^ltjixjED Contents.— lDtro4iicttOJj* — DBfliiltion,—ChetolciJ Ni 
loflueuce of Kittertial Factori — Mode of Action.— Phyalologlqal I 
Importuicfl of FemietiU to Vital Action, — ProteoJytlo Femienta.— Tr 
Hpd Hmmolytic FtnnenU.- Vegetahle Fenneuts.- CoufcTjlatingFera 
Fermeuta. — DljuiUaeB, — FolysacchnHde*, — Eniymea. — Fennenly 
Glacofildei.— ^HfdTolytlc FonnenU-— Lactic Acid F'ermenUtlon. — 
tJoJO*— Blologj of Alcoholic Fenutiutatloo.— Oxjdujee.— OildisLiig 1 



Third Edition . In Handaome Cloth- Fully IlluBtn 

PRINCIPLES AND PRACTICE OF 

FOR THE USE OF STUDENTS AND PRACl 
By WALTER J. SYKES. 

Revised by ARTHUR R. LING, F.LO, 

Editor of the JoiLmol of the Institiiilc of Brewliij 

COWTE.HTS. - FliyBlpikl Principles Involvt*d. — The CheroUtty 
MXi^cm^Xip^ — Vegttftble BIr.logj'. — Femitintation. -^ WflU?r. — Bmi 
ArTMigeroewt of Brewery FlanL— quaiitlika of Materialfl<— Feniien 
— FiningB.— Oianicterlfttieft of Beuf. — Diaeatefl of Be«r,— ll4Trl3l. 



In Cl^wii 6vo. Ujindaume Cloth. FuUy^ tlluBtratGd. 

PEAT: Its Use and IVIan^ 

By PHrUP R. BJ5RLING. ConBulting Hyaraul 
And FREDERICK T, GISSING. 

OiHimAt Co]tT)UiT9.— iDtroductlnn.— Tbe Furmation &f Peat..— Anm 
F]iiidi*al CoDiitn«k— Maniifi^cturv of pfjii Fuel, Ac— Cut Feat, Dredged P. 
Pe*L— Mn€liJaei| I'raiilnijr^d ia ibe Manuractureof Pe»t Fual.— Peat Mais Lit 
emjiloy^dhi its Maliilfjictun?. — PeaE. Cbiif42t>aL and itA Mancifiictare.^Coflt of 
Chjifcoal,— Othpr PrtwJiU'tkms <Ter3ved from Peat„ gucb a^ Tar, Manure. C4i 

-- Br^LIOOBATBT. — Ili DEX. 



In Crown Sto. Haiideome Cloth. With 30 ninstratloni 

THE CLAYWORKER'S HAN 

An Epitome 0/ tne Mattrlats ojiff Methods emplo^d in Brickmt 
BT THB Author of ** THE CHEMISTRY OF CLAYWOR 
UfiMEkAL CosTi^tTS.— Miterialu need In CJajTrorklnif ; C!iiy», Enft 
Water. FneL OiU, jind LtiJ-rlfiiriti*.— Tlie pTcijannim of the CUy. Mli 
Weathering. Waaliingp CJrimlSiiif. Tf-iiiperlnjirK and PuirHiDsr. — Macldnery 1 Bfl 
MiichlneTjr. Sieves, Miilnji* Wftchitntrr, Prenii"*, ktc— Uryera %^d Urjluif — B 
'SetLld^rorCharidDK, fimDipon..--KiIii«,— FIHuf.— Piichiferifiiitf, aortinii * 
and Watte.— Testa, Amljnili aod CoQtrtiL— Biulio ^iiapeiy ?£i|n;.ia.-I^Bi 

'*Wt c:an ih^jmuehly rweminend this haofly httle bf. ,. tn ftU o^^^ 
Fottfiy TrmUs' Joastiai. ^^TjTt "^ 

tD«DOH : CHARLES GRIFFIM & CO., LIM[TEV""''r^^W^^ 



Second £dition, Rbviskd and Enlarged. 

With Tables, Illustratioiis in the Text, and 37 Lithographic Plates. Medinm 

Sto. Handsome Qoth. 30s. 

SEWAGE DISPOSAL WORKS s 

A Guide to the Constraetioii of Works for the Prevention of the 

Foliation by Sewage of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late Assistant-Engineer, L on don County CoundL 
"Probably the most complbtb and rsst trxatisb on the subject m^uch has appeared 
In onr ]»xiKazf^.''—SdM9trgrA MttHcalJoumml, 



BeatUifuUy lUustrcUed, with Numerous PUUes, Diagrams^ and 
Figures in the Text. Bls» net, 

TRADES' WASTE! 

ITS TBEATMENT AND UTUiISATION. 

A Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 
By W. NAYLOR, F.O.S., A.M.Inst.C.E., 

Chief Inspector of Rivera, Blbble Joint Committee. 

COHTlNXB.^1. IntrodQotioD.<-II. Chemioal Engineering.— III.— Wool De-greaslng 
•ndOreaseBecoTery.— IV. Textile Industries; Calico Bleaching and Dyeing.— vT DTeing 
and Calioo-Printing.— VI. Tanning and Fellmongery.— VII. Brewery and DiitUlery 
Waste.— Vin. Paper Mill Befuse.— IX. General Trades' Waste.— Istdbx. 

"There is probably no person In England to-day better fitted to deal rationally with 
■aoh a sabject. *'—i)ri<iiA Scadtarian, 



In Handsome Cloth. With 59 Illustrations. 6s. net. 

sbsoke: abjltemisnt. 

A Manual for the Use of Manufacturers, Inaoectora, Medical Officers of 

Health, Engineers, and Others. 

By WILLIAM NICHOLSOI^, 

Chief Smoke Inspector to the Sheffield Corporation. 
COHTBHTS.— Introduction.- General Legislation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Furnaces, 
and Kilns.- Private Dwelllng-Hoiue Smoke.— Chimneys and their Construction.— 
Smoke Preventers and Fuel Savers. — Waste Oases from Metallurgical Furnaces.— 
Summary and Conclusions.— Index. 

" We welcome such an adequate statement on an important subject."- SritisA 
Medical JoumaJ. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re-Written. 

15s. net, 

CALCAREOUS CEMENTS: 

THEIR MATURE, PREPARATION, AND USES. 

'Wi.^lm Moxxa« XKeaxmaavlKM vaxsoxa C«a9Qs«xa<i V«M<:ftxa^» 

By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

•' We can thoroughly recommend it as a first-class lnyestmttit.**—Pnu:itcaiEngifuer. 

■ONDON : CHARLES eRIFFIN ft Cfl^ LIMITED. EXETER aTREET, 8TAAN0. 
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Thirteenth Edition, Thoroughly Revised. The Appendix on Sanitaiy 
Law being Entirely Re- Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

4 HAND-BOOK FOR SANITARY INSPEGTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H, 

Wtlkm^ Mem, ComhcsI and Examtner, Samiarv InsiUuU pf Gnai SHUdm, 
mmd M§dkmi Offittr t9 ike SUfv^bkbrt C^mmiy C^mta 

Wiitb an Appendix on Sanitate Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Burristtr-at'Law. 

Gbnbsal Contents.— Introduction.— Water Supply: Drinking Water, Pollution of 
Water.— Vcntiladon and Warming.— Principles of Sewage Removal —Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — ^Details of 
Plumbers* Work. — House Construction. — Infection and Disinfection.— Food, Inspection of; 
Characteristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food.— Appendix : 
Sanitary Law ; Model Bye-Laws, iS:c. 

" A VBirr t7SBFin. Handbook, with a very useful Appendix. We recommend it not only to SAmTARY 
XMSPBCTORS, but to HOUSBHOLDBKS and ALL interested in Sanitary Maiters.''-'SaMttaiy JUard. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, Yorks. 

CoNTBNTs. — Water Supply. — Ventilation. — Drainage. — Sanitary Building Construction. — 
Infectious Diseases.— Food Inspection.— Duties of an Inspector of Nuisances and Common 
Lodj^ing-Houses.— Infectious Diseases Acu.— Faaory and Workshop Acts. — Hoosing of 
the Working>Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts.— The Mar- 
garine Acts.— Sale of Horseflesh, &c.. Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals.— Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaaeons.— 
Indbx. 

"Accurate, reliable, and compiled with conciseness and CMTe.'''^SaHiiafy Record. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profasely 
Illnstrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A Praotical Manual of Town Drainage and Sewage and Refuse Diapoaat* 

fwr •anttwy Autliorltl««, Infftneors, Inepootora, ArohitMti^ 
Omti ■otoi %, and SlwlMits. 

By FRANCIS WOOD, A.M.Inst.CE., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 

aSSNERAL OONTSNTS. 

Introduction.— Hydraulics.— VelocitT of Water in Pipes.— Earth Pressures and Retaining 
Walls.— Powers.— House Drainage. —Land Drainage.— Sewers. — Separate System. — Sewage 
Pumping.— Sewer Ventilation.— Drainage Areas.— Sewers, Manholes, &c— Trade Refuse.— 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewers.— Refuse Disposal.— Chimneys and Foundations. 

" The volume bristles with infonnatioD which will be ffreedlly read by those la need of astfttanccL The 
"M)k ts one that oug:ht to be ou the bookshelTes of bvbry : " *" — ^* — "' * 

* A VBRITABU! POCXBT COMPENDIUM of Sanitary I 

— respectm, be considered as COMPLBTB . . 

SUGGBSnVH."— fti^/fe- Heai/A Enginetr, 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET. STRMO. 



book ts one that oug^ht to be ou the bookshelTes of bvbry PRACTICAL ■BHGlHBX9i.''^SaHitttry Jp rn rmm 
** A vbritabi:.b pocxbt compbitdium of 8aiiit«7 Ez^neeriiw. ... A wesk wUch mgr. fa 
auny respectm, be considered as COMPLBTB . . . COMMBNDABLY CAUnODS ; . . IMTBRBSmiO 



In Tw9 K/«wf^, tmk lowiphtt in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS. CHEMICAL 
MANUFACT0RERS ANB SCIENTIFIC CHEMISTS. 

Volume I.— Chemical Engineering, Physical Chemistry, 
Volome XI,— Chemical Physics, Pure and Analytical Chemistry. 

\Shxyrtly. 

By JOHN CASTELL-EVANS, FJ.C. F.C.S., 

Lecturer oo Inorganic Oiembtrv ;»od NfeUilurg^ at ihe Fintbury Tecbnical CoUege. 

The Tables may almost claim to be exhaustive, and embody and callate alJ the mx>»t 
recent data estAblUhed by e]q>erimentah«t« at home and abroad. Tbe volumes will be 
iound invaluable to aJJ engaged in rcaearch and c:cpezitiieotBl investiKatioit in Chemistry and 
Physics. 

Tile Wotk comprehendA ^& ha w& poeitsible alv, eUL» AMD TAiitss required by the 
Analyst, Brewer, Divtiller, Acid- and Alkali-Manufacturer, &c., Ae. ; and also the prin- 
ciptti data m THBRMt>CHKMit>TRY, ELECTJco-CMtsJiisTJiY, a^ the vajroos branches of 
Chbmical Pmvsjcs. Every pouible care ha* been Lakes lo ensure perfect accuracy, atid 
to tDclnde the resuJts of the most recent investisatiotu. 



SiccoxVD Edition, In Lat^t 8w. Hand»om& OioiK Bmui\fuUf 
nht4tratfd. With Platfs and Figurti in tke Text 

Road Making and Maintenance: 

A fbacticaij treatisu fob ejstgikkebs, 

SUBYEYOBS, ANB OTHEBS. 

With an Histobioal Skstcts or Akcikkt and Modbrn Peactioe. 

By THOS. AITKEN, Assoc.MJnst.O.E., 

llflmb«r or tba A-^sockaoo of Maiilel|i«i aad Oontiiy £njeia««rB; Member af ibe S^att&ry 
Imt : BuTToyor to the OontUy C<»ia«ll of file, Oii|»r Dlrlilon. 

\¥fTff litUMEffOUS PLATES, QlAQftAm, A NO ILLVSTRAKOfiS. 

CoNTKNT».— Hifttorical Sketcli. — ResiistaDce of Traction.— Laying out 
New RoRdt, — Earth works. Drainage, and Retaining Walla. — Road 
Materialt, or Metal.— Quarrying.— Stone Breaking and Haulage.— Road* 
Rolling and ScaJifying.— The Coiistruction of New, and the Maintenance 
of existing Roada.— -Carriage Ways and Foot Way a. 

'*Tbe Literary style 1m ixciLiifiT. 

.r-To-DATu work. . , . 8buul<t ^. „, „„„ .,,,, „.„._ , _, 

Eaiitoe«r vr Sunroyor la tU* Unltiea Kingdom, and of ev«ry eii * l^ 



.— ^,^,^f ^vj^v xm a^vJit^aKi. . , . A CowpiiBHRTratvt, -.rid i,itciLL»at ModtiTO Book, an 
Ur-fo-DATU work. . , ajjutikt b« on thi» ivferonco •helt' i every Muntcipa.^ and OnuBty 

jm, and of evory CciJiiui BJiJvnBeT."— Tf« iiwr«iror. 
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Fourth Edition, Revised and Enlarged. With lUustrations. 12& 6d. 

Painters' 
Colours, Oils, & Varnishes : 

A PBAOTIOAIi BKANUALu 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of PaintenT 
Coloun, Oils, and Varnishes, the Municipal Technical School, Manchester. 

Qbnbral Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Bloe, Brown, and Black— Lakes— Colour and Paint Machinery— Paint Vehicle! 
(Oils, Turpentine, &c., &c.>— Driers— Varnishes. 

" A THOROUGHLY PXACTICAL book, ... the ONLY English work that iattsfactorily 
Ireau of the numufacture of oils, colours, and pigmenu."— CAMmro/ TraeU^ Journal. 

*,* For Mr. Hurst's Garment Dyeing and Cleaning, see p. 84. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S., M.S.C.I. 

AasTKACT OP CoNTBNTS. — Preparation of Pigment Colours. — Chemical Principles 

InYolved. — Oils and Varnishes. — Properties of Oils and Varnishes. — Tests and Experiments. 

—Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

This Work has been designed by the A utharjor the Laboratory of the TechnUeU School, ana 
9fih4 Paint and Colour Worhs, and for all interested or engaged in these industries, 
"This excellent handbook, ... the model of what a handbook should be."— OiZr, 

Colours^ and Drysalteries. 



Third Edition, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some Id Colours), including Original Designs. 12b. 6d. 

Painting and Decorating:: 

A Complete Praetioal Manual for House 

Painters and Decorators. 

By WALTER JOHN PEARCE, 

UOrUKXS AT THB XANOBanSB TBGHHIOAL BOHOOL lOS HOUBK-PAMTDrO Ain> DBOORAnHO. 

aSNlCRAL CONTENTS. 
Introduction— Workshop and Stores—Plant and Appliances— Bmahea and 
Tools— Materiala : Pi^ents, Driers, Painters' Oils— Wall Hanyngs— Paper 
Hanging— Colour Mixm^— Distempering — Plain Painting — Stainmg— Vanush 
and Varnishing — Imitative Paintmg — Graining — Marbling — Giloing — Sign- 
Writing and Lettering— Decoration : General Principles- Decoration in Duh> 
temper— Painted Decoration— Relievo Decoration — Colour— Measuring and 
Estmiating — Coaoh-Painting — Ship-Painting. 

•*A THOROUGHLY U8IFUL BOOK . . . OOOD, 801710), PRAOTIOAL nnPOB- 

MATION in a CLKA.R and OOKCISK VORM."— PZu9ii6€r and DecorcLtor. 

** A THOROUOHLT GOOD AlTD BBLIABLE TEXT-BOOK. . . . SO FULL and 

OOMPLETB that it would be difficult to imagine how anything further oould be 
added about the Painter's craft." — BuUderir Journal, 

LONDON: CHARLES fiRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND. 



and Several Illustrations. 1 6s. 

THE CHEMISTRY OF INDI 

A Treatise on the Nature of India Rubber, its Chemlca 
tlon, and tbe Determination and Valuation of Indl 

Including the Outlines of a Theory on 
By carl otto WEBER, 

" Replete with scientific and also with technical interest. . 
properties is a complete risitm4 of ev«ry thing known on the subj 



In Large Crown 8vo. Fully Illustrate< 

AND THEIR ALLIED PRO£ 
A Practical Hcuidbook for the Manufacturer, Agriculturist, 

By THOMAS LAMB 

Analytical and Technical Chemist 
Contents. — Historical.— Oluk.—Gblatinb. — Siae and Isi 

entft produced in Glue and Gelatine Making.— Liquid and othe 

of Glue and Gelatine.— Residual Products.— Analysis of Ra 

Appbn Dfx. — Indkx. 
'* A sufficient account of modem methods of working, chiefly 

A book . . . of tcaX •valvi:"—CktmicaiI/etos. 



At Press. In Large 8vo. Handsome Qoth. 
THB ANALYSIS OF MATERIAL! 

By S. R. TROTMAN. M.A., F 

Public Analyst for the City of Nottingham, Member of the 

of Leather Trades' Chemists. 

Synopsis of Contsnts.— Standard Solutions.— Adds, Alkal 

and Deliming.— Fleshings, &c.— Glue.— Spent Liquors.— Mint 

Agents.— OiU.— Soaps.— Vamishes.— Skin.— Leather. — Dyest 

£ffluents.—GLcssARY.— Index. 



In Medium 8vo, Handsome Cloth. Fully Illust 

PAPER TECHNC 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, 

AND CHEMICAL CONSTITUENTS OF PAI 

PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publls 

By R. W. SINDALL, F.C. 

Contents.— Introduction. — Technical Difficulties relating 
Esparto, Straw, Notes on Beating.— Wood Pulp.— Wood Pulp 
"Art" Papers.— The Physical Qualities of Paper.- The Chci 
— The Microscope.— Fibrous Materials used in Paper • makix 
Paper.— The C.B S. Units. -Cellulose and its Derivatives.- 
Statistics.— Dictionary of Chemical Terms.— Glossary. — Cit 
Index. 

" Exceedingly instructive and particularly useful."— /*«>« 



In Large 8vo. Handsome Cloth. With Plates and II 

THE MANUFACTURE 

A Handboo/t of the Production and Properties of Printing, > 
By C. A. MITCHELL, B.A., F.LC, F.C.S., & 

"Thoroughly well arranged . . . andof a genuinely nra.ctU 

UmoOH: CHARLES GRIFFIN & CO., LIMITEq["'^JS\ 



Second Edition, Thoroughly Revised ThrougJunU. In Two Large 
VohnneB, Hvmdsome €hkh, 

A MANUAL OP DYEING .- 

FOR THE U8£ OF PRACTICAL DYERS, BtANUFACTURERS, BTODEMTS, 
AND ALL mERESTED Ifi THE ART OF DYEIMQ. 

BY 

E. KNECHT, PhJ)., F.LC, CHIL RAWSON, FiX., F.C.S.. 

H«td of th« 0lMiiilatr7 and I>ydiic_D«fMrtmflnt of Lftte Hm4 of tho OlMmiatiy and Dyvfikg Dopvtnwl 
tho TNhnlod MmoI, MaadiMtonBUtc* of "Tk* of tho Todmlwl OollM|i> Bndlord : Momlw 
JoonulofthoSooiotyofDymandOokmrlcto;" OoanaQ of tlio Society of Dyan and OoioarUtoi 

And RICHARD LOEWBMTHAL» Ph.D. 

GsNBftAL GoNTBNTS. — Chemioal Technology of the Textile Fabrios— 
Wftter— Washmg and BleaohlBg— Acids, Alkalies, Mordants ~ Natural 
Colouring Matters — ^Artificial Organic Colonring Matters— Mineral Colours 
—Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, &c., A». 

'* ThissvtiKnitRttte snd ezhaoBtiTe work ... the mor ookplbtb w« luive y«t aasa 
on the attbieoi**— nartite Mtm'ufmctwnr: 



In Large 8vo, Handsome, Cloth, Pp. i-xv + 405, 168. net, 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and TDbinobn), 
Technical ChemlBt, 

And JOCELYN FIELD THORPE, Ph.D. (Heidilbbbo), 

Lecturer on Ckdouring Matters in the Victoria University of Manchester. 

Part I. Theoretteal. Part II. Practical. Part ni. Analytical. 

" We have no hesitation in describing this treatise as one of the most valuable books 

that has appeared. . . . Will give an impetus to the study of Organic Chemistry 

generally. ''--CAMUMa^ 2radi Jmtmal. 



Oompanion Volume to Kneeht dt Raweon's ** Dyeing.** In Large 8vo. 

Handsome Cloth^ Library Style, 16s. net. 

A DICTIONARY 07 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CAUCO PRINTING. 

With Fortmiia, Properties, and Applioations of the various sulfstanees described, 

and concise directions for their Commeroiai Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

OonsaltinK Chemist to the Behar Indigo Planters' ABsociation; Oo-Aathor of '*A Manual 

of Dyeing ;" 

WALTER M. GARDNER, F.O.S., 

Head of the Department of Chemistry and Dyeteg, Brsdfbrd Municipal Technical Collage: 
Editor of the " Joum. 8oc Dyers and Coloniists ; * 

And W. F. LAYOOOK, Ph.D., F.C.S., 

Analytical aad Consulting Chemist 
** Tnm to the book as one may on any subject, or any aobstanoe in ooniwotion with the 
trade, and a reference is sure to be found. The authors hare apparently left nothing oal" 
•^TextVe Merenry. 

LONDON: CHARLES 6RIFFIH A CO.. LIMITED. EXETER STREET. STMlUk 



THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE. TOW, 6l RAiniE)* 

A Practical Manuat of the moat Modttn Metkotit as applied to the Hackhng, Canting, 
Prepating, Spftirnnff, and Twisting of the Long Vs^etabh Ftbna of Commerce, 

Bv HERBERT R, CARTER, B«lfaat and Lille. 
General Costbst9.— Long Vegetublo Flbrei of Comnierce.— Riae »mJ Growrth of 
the SpinnliiK Indufitry,— Haw mhre Marlteta.— Purcltftiing Baw Mftt4jrlaU— Storltii? WJd 
Prellaiinary Operutlons.— nackling.— Sorl'ir - V. - --fng.— Tow Carding and Mixin«.~- 
Tow «"unir)iri)? — ^Hl( apinTiiiig*— The EovUi ny ami JDemi-auc Spinnluj?.— Wot 

Spinniiitf-spinidiig Wost^;— Yarn Il«eU tnie of Threft'Js, Twines, »nd 

CortU,— R*>pe Making.— The Mochantral irv|,..L....ikL.— Modern Mil) CouaLniction.— 
8teaia and Water Power.— Power Transinliiaioii. 

'* Meetsi the requiremcnU of the ^tiH Munfigcr or Advauced ^Stnd^nt in a fnanner 
perlupt more thito Mtlsfoctory. ... We moat highly commend the work ai rcpre- 
■entfutf up*to-d«te practice."— ^Vof mi*. 

In Large S/'O, Hand^ovie Cloth, wdh Unrnftowi lUutilrathvfi. 9«. net, 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The OocurrencG, Distribution, Preparation, and Induetiial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spiiming and Weaving. 

By WILLIAM L HANNAN, 

Li>Otiir«r on Botany aMbe Anhloii Municipal Technical School, Lecturer on Cottoi* 
Splnninf^ at ihe C'borley Scipno«' and Art School, &c. 

With Numerous Photo Engravingi from Nature. 
^'Uiiyoi, iMToaMATiON. . . . AinnRAaLK iLLuaxaATioifs, , . Thp tiiformatioo 
|» Bot easily attainable, ftod la Its prewDt eonTenleDt form wlU bo Talosble/'— TVff^/^ 
Jl#«rff*r. __^___^___ 

111 Large 8vo, with Illuslrniions and Primed Patterns. Price 2 if. 

TEXTILE PRINTING: 

A peacticaIj manual. 
Including the Procesaea Used in the Printing of 
COTTON, l?700IliLEN, SILK, and HALF- 
SILK FABBICS. 
By C. P. SEYMOUR ROTHWELL, F.C.Sm 

jtftm. aoe. 0/ CKtmu:ai InA^utriu; late lecturer at the Mumctpai Technics SchMl. 
MaruMfter. 

QzsERkh CoNTEHTS. — Introduction. — The Machinery Used in Textile 
Piintiiig.— Tbioketieni and Mordauta*— The Printing of Cotton Gooda.— The 
Sle&m Stria— Colours Produced Directly on the Fibre.— Dyed Styles.— 
Padding Style.— ReaUt and Diflcharge Stylee,— The Prit-ting of Compund 
ColouriDM, &a— The Printing of Woollen Gooda.— The PrintiDg ot Silk 
Gk>odB.— Practical Recipea for Printing.— Uaeful TaUee*— Patterna. 

'' Br FAR raa BEtr and moct pv^aiu:^L »oot on tmxtilk raiyrnio ^^^^^, ^" y«t beoa 
brought ool, and will long remain the atAoaani work on the ■abioct It ia eaaeottally 
practloalm character."— 7Vj"ti/< i/<frcKry. w* k^«« 

" Tm iKWT FRACTiOAL lUjruAL of TEXTTLi PBiirnirQ ^Yi\€Si M* y«* app«ar»cL ¥f e &*-»• 
DO henlUtJon In reoommeoding if'—Tht TtxHIe Vfinuftx^,^^^r^ _^_^_^ 

lOHOOH: CHARLES GRIFFIN A CO.. LIMITEq iV^^^ S\RttT, STRWO. 



Huldjiome Cloth, 7a. Qd. Gilt, for Presentation, 8b. M. 

OPEH-fllR STUDIES Ifl BOTflHY: 

SKETCHES OF BBITISH WILD FLOWERS 

m THEIR HOMES. 
Bt R. LLOYD PBAEGER, B.A., M.RLA. 

Illustrated by Prawlngrs from Nature by S. Rosamond Praegrer, 
and Photographs by R. Welch. 
General Contents. — A DaUy-Storred Ponture — Under the Hawthonui 
—By the liiver— Along the Shingle — A Fragrant Hedgerow— A Connemara 
Bog^-Where the Samphire growa — A Flowery Meadow — Among the Com 
(a Study in Weeds)— In the Home of the Alpines — A City Ruhbtah-Heap-^ 
Glossary. 

* A TKSSn AJIP STIMULATISO book . . - ihOUld tftlce ft high pl»«« , . . Th« 
ItlTijtntlQiu an dnwu with much skilV—Tht Timiv, 

'* BSAnnTULLT ILLOSTfLATED. . . . Oae Of tbe UOffC AOOUSATI M well ft* 

orrvftlBTtlco books of the kind we have leea."— ittAmontm. 

" Etfdoleat with the scent ot woodland and meadow."— T%« SUmdmrd. 



With 12 Full-Page Ufugtmtfana fram Photographs. Cloth, 
Second Editton, Revised, fls, 6d. 

OPEH-RIU STUDIES l]? GEOLOGY: 

An IntFoductioii to Geology Out-of-doops. 
By G RENVILLE A. J, COLE, FG.S., M.RJ.A., 

ProfeMor oC Geology la the Royal Culiege of Scieooe for Irelaad, 
and Examiner tu the Uaivenlty of Loudon. 

Gknkral Contkntr. — The Materials of the Earth — A Mountain Hollow 
— Down the Valley— Along the Shore — Across the Plains— Dead Volcanoes 
-^A Granite Highland— The Annals of the Earth— The Surrey Hills- The 
Folds of the Mountains. 

'*T1ie FAicnrjLTnra 'OfkhAik Stcdibs' of Pxor. Coue give Uie tobieot a glow ot 
4irjji4Tio9f . . , caoaot fail to arooM keen ltitei««t In geology."— 0Mto0es/ ^agcuuu, 

'*\ cAAiuciso Aooa, ^iii!itiraltyfilQitratod."-ilf4wna 



Beautiful lif lUtistrated* With a Fronth piece in ColourSt and fiumeroua 
Specially Drawn Plates by Charles Whymper. 7a, 6d, 

OPEH-fllH STUDIES 111 BIHD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

Tho Spacious Air. — The Open Fields and Downs. — In the HedgerowsL— On 
Open Heath and Moor.— On the MountainB,— Amongst the Evergreena.^ 
CopM and Woodkni— By Stream and Pool.— The Sandy Waatea and Mnd- 
flata.— Sea-laved Rooka.— Birds of the Cities.— In DSX. 

''Etifiched wilh escelleat iHuuratioiu. A welcQme j^diU*>° to aU Ubrariet."— -W'*'* 



mtiHiUr RtvifW. 



tONDON CHARLES QRIFFIN A CO.. LIMtTEQ^ rlil^^ %^^^n. ^THKlb 



(To Subsoribers, 68.) . 
THE OFFICIAL YEAR-BOOK 



SCIBNTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

COMPILED FROM OFFIOIAL 80UR0BS. 

OompHaIng {together with other Ofloial Information) U8TS of the 
PAPERS read during the Seaaion 1900-1907 b^ore ait the LEADING 
SOCIETIES throughout the Kingdom engaged in the foHowing Depart- 
mente of Reeearoh :^ 



Sdenoe Generally : f .#., Societies occupy- 
ing thanselyes with several Brandies of 
Soence, or with Science and literature 



§1 



1 9. Mathematics and Physics. 

1 3. CSiemistry and Photography. 

1 4. Geology, Geography, and Mineralm. 
I %. Biology, including Microscopy and An- 
thropology. 



$ 6. Econoaiic Sdenoe and Statistics. 

\ 7. Mechanical Sdeoce, Engineering, and 

Architectim. 
$ 8. Naval and MiBtanr Scieaoe. 
% 9. Agriculture and Iiorticultura. 
S za Law. 
^zz. Literature. 



|za. Psjrchology. 
9 13. Archaeology. 
$14. MxDicum. 



"Fills a very real want." — Engineering. 

" Indispensable to any one who may wish to keep himself 
abreast of ^e scientific work of the day." — Edinburgh Medical 
foumal. 

The Yrar-Book op Socisms is a Record which ought to be of the greatest use for 
■ogress of Sdence.'*— £gn/ Playfair, F.R.S., K.C.B,, M.P,, Poit-PmidetU 0/tAg 



Britisk Ass0cimium, 

"It goes ahnost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for the library or the desk.**— ZAr Tmus. 

" Bri3sE''5o3eties are now well represented !n the * Ycar-Book 
Leemed Sodedes of Great Britain and Ireland!'"— <Art. 
" Sncydopsedia Britannica," vol. xxiL) 



of the Sdendfic and 
Sodeties ** in New Edition of 



Copies of the First Issue, giving an Accomit of the History, 
Organization, and Conditions of Membership of the variouB 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues foUomng. 



The YKAR-BOOK OF socrETrKs forms a complete indbx to thk saBNTiFic work of the 
sessiona^ye^T^n^vanou^Uepartments. It is used as a Handbook in all our great 
SciCNTiPic Ckntkbs, Muskvms, and Libraribs throughout the Kingdom, and has become 
an INDISPBWSABLB BOOK OP RHFBRgwcB to every one engaged in Sdentific Work. 

READY IN OCTOBER EACH YEAR. 



LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRANa 



